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F8  ECHLTWTA  TELEMETRY  PARAMETERS  AT  FAILURE  OF 
NCHLTWTA-1  AND  DURING  SUBSEQUENT  NCHLTWTA-1  ATTEMPTED  RESTARTS 


<0 V---1 1*~- ' 

¥.-.4  .x.  L.  x i 

a ) m 1 — — » — i 

r ..  i « . ..  * 

r~t r ‘8 

f T • • 

{ J » 1 — , | | 

..  . -j 

i tb<n3 

! ! f • j 

Li.  i _.  L .1  _j_  1 

• . 1 

Ui  -1  ! 

1 

r r 1 

' i ! 

BL  " - *T~ tor-  - ■«  v — 1 

; j ! 

1 

i j , r 

~r 

.... 

- - 



: 

L _ 4.. 

. 

’ 

■ 

Lj- 

r*  — 

l 

i 

f 

■ 

p- 

. ... . 

i ” 

!± 

, 

! 

. : 

: 

! 

i 

• 

. 

i 

'■I 

i 

....  . 

:-l 

i 

r 1 
i . . 



" . “f 

. _ 

" ' •’ 

..  .. 

• i 

-■ 

j ! 

• 4 — i - 
... L • J 

r " ; ~ ~ 

..11. 
J j_ 

r 

- 

< 

+ 1 

: 

r~- 

--  • 

Lu 

1 T : 

h ; . 

i 

.1  1 

X<J 

. .1. . 

• 

“ ... 

! 

...  i . . 

i • 

r 

• 

A 

i I 

i : 

' j 

L 

_ 4 J 

* 

L . L,-- 

. 

■ L 

L.  ^ 

L ' ..... 

, 

i T 

. ..  j.  . i . . i . 

9 J (£ 

i 

1 ! 

• 

• 

* . 

J 

f ■ 1 

t I . 

3 

r , 

4 

« 

n 

5 

i 

? . 

§ 

S 

- 

S 

5 I N 

r ' ' 

i 

T 

r 

cj  aatn  iih3 

i 



i 

: i 

| 

<n 

® 

ri 

< _i 

> . 

,10 

* 

r. 

L « ... 

...  « ! .. 

■5 

u 

i 

f5  "1 

i 

t 

r i 

* 

- u 

ri 

u .■ 

* _ 

, irf  ! irf 



__L  _ 

r • 

“ 

j 

CSXlOa)  OdLH3 

• 

□ 

• 

..Li 

. 



— 

. .. 

• 

■ 

• : 

. T- 

• 

...  L '• 

g_  _ 

5 

§ 

c 

. J 

' 

c 

1 j 

i 

r 

j 

5 * 

L* 

J 

L 

' a 

i _L  8 I 

r 



L 

‘ 3 

r 

e 

r 

> 

r ‘ 

i 

r 

r 

l.  . q 

t T ST 

1 

f 

_ * _ 

^ 1 

l_  JcSJLTOfU  AHIH3 

: 

: i 

„ 

L ± . 

L ' 4 

. ! i .4. . 

f 

1 m 

r;  I 

; 

— 

. 

" i 

; 

A-l 

L6 





1 J u_J 

<BUX  IHIH3 


i-  — - - 

J. 

...  -r 
2* 

s 

[ 

l_ 

1. 

£ ... 

r:s 

i 

i 

i 

r~  * ■ 

^ 

m 

9438  TUT  A PARAMETERS  20  MAT  1 977 


tsiruio.)-  naiHi 


i( 

§ 

L ' — X 

— j 

t j 

“ ~- 

r — 

h — 

! — j 

r — 1 

i- — 

r J 

i 

i _ 1 

j 

j 

. 

1 

f j 

! 

r 

1 

■ ; i 

I 

• — j 

1 ! 

! . 

rxi  ell 

i j 

i i 

! i 

k-  1 i 

i : 

~r~‘  “S 

j-  L 00 

. . 1 ; Jl.j 

; i 

L-.  i L . ; 

r— 

i 

L 

n t 

t 

L 

r 

[ 



: - 1 

i 

“t 

L-.  .1 

1 

r - 

i 

1 

~n 

r • 

• 

1 



_ .. 

-4 

~\ 

1 

. 

_j 

. L 

i 

; 

i-  ' 

l 

■ 

j 

I 

N 

1 i 

! 

tr 

r 

. *f 
: . 

r ' 

j 

----- - 

i 

: — 

_ i 

i 

• . - j 

| " ; ; 

r-1- 

i 

1 

i 

Li.  ! 

r ' 

i 

: i 

. 

r 

-4-  i 

I 

_L_J 

l - -4 

i- : 

t 

? _ 

O 

0> 

r - - t- 

i 

~ o 

T r T 

- — i 

L. .... 

o 

l~::¥ 

| • 

\ 

i 

.._l 

\ r ...r 

..  _L  _ 

L _ ± 

$135  THYFG 


t, 

l' 

i 

p-i 

r 

r i 

1 

U-, 

— i 

i-  -£;-4 

3 

L_ 

< 

■ < 

r 

< 

D 

isrmi  0HIH3 


A 

...E 

X 

LL 

ex 

X 

.. ' 

~~ 

T’l 

1 

. i 

X 

—— ” 

1° 

l 

1 

1 

[.  

r.: 

• 

' 

E! 

• 

.4 

'CD 

f : - 

1 

. 



L:._ 

. ‘ . 

. 

■ 

— 1 

r- 

- • 

_ L .« 

' 

- — i 

L 

f * 

! 

’ 

■ 

r*' 

r.  • r : 

! 

. j 

r" 

' ~ j 

2 

; 

L 

h : 

L ’ ‘ 

; 



. . 

* 

.... 

■ 

r_ 

• 

. 

_ 

_ . i _■ 

1 

• 

..... 

-j- 

E 

i - 

- 

L_  . 

; I 

- 0 
0 

■ 

1 

1 

. ! : . 

• 

J 

LX 



.... 

: ^ 

! j 

r 

r • - 

• 

l.  ..i I 

1 

L ...  • ... 

. 

0 

0 

...  j_L 

....... 

4 

.... 

1 

. 1 

... 

r.- 

.. 

. 

... 

J 

i 

L L 

• . 



• _j  ....  . 

l ; 

. 

j 

- 

... 

.... 

1 

• 

; 

t •... 

■ 

. 

■ 

h* 

- : 

! . 

; -EXE 

E 

; 



..  ■" 

. 



0 

. 1 

; 

; 

■ : : : 

1 

• 

p.-r 

. 

E ^ 

. 

x* 

...j... 

,_U 

• • 

r 

E-,j 

L i 

• ! 1 

j 

• ; : • 

• 

..... 

• 

i . 

r* 

0 

! 

Lj 

• 

; 

I •• 

E 

■ 

■ 

. ! 

£ 

X 

: 

...... 

'~r~i 

: 

n 

: 

r — 

.. 

L.-J 

-H 

: 

i 

‘ T 

! 

. 

. . 

.... 

l 

• 

i.  1. . 

..  ‘ 

?• 

• 

!■ 

i 

I 

{ 

l_L_ 

4 

i- 

r x 

° 

J... 

1 

' 

! 

_ 

L.  • .... 

L.  . 

' 

1 

L ' J 

1. 

: 

L__ 

i 

r i 

t 

1 

r . \ ■ : 

• 

: 

..  ; J 

~ : 

' 

: 

L .. 

L 

- 

0 

0 

4.  _| 



r . ~ 

J 



L. 

r ' i - • 

; 

-8 

• 

: 

. * 

• 

. i 

r . 

T . 

. 

f . 

! 

1.  . 

..... 

■ 

■ 

- 

. :J  . .. 

j - 

'*  • 

■ .. .... 

i 1 

‘ 

..  . _ 

•... 

t 

. 

La.  - 

El 

O 

. 

: 1 

hr 

. .. 

■ 

r 

CD 

...... 

! . 1 

1 

1 

rv" 

.... 

PARAMETERS 


.CUflfl>_dX133 


; 

} 

h 

7 

r__ 

L__ { 

: 





r 

r : — 

<n 



* < 

t 

» t 

♦ 

** 

<* 

4- 

at 

: : 

_! 

i 

! : * 

i ! 

. ' 

9438  TUJTA  PARAMETERS 


o±  aaa>jLiH3 


Tt;" 

IT- 

— ► — 

l 

p:: 

— 

. 

. J 

ft: 

77 

j 

’ 

rn 

T1~  rr 

_ ■ M 

J 

— i — , 

M 

7 j 

: t i 

• [ : 

i 

r 

77 

. 

■ 

: 

; 

i 

L..  . 

r 

1 

, 

.. 

■■ 

...  , 

J 

1 f T i ■ • 

i 

. I . 

‘ 

••••■] 

L~j 

:: 

r 



— 

i . 

I 

; 

77 

■ ... 

L 

- — 

- 

r - *- 

i • 

r . 

r~l~ 

_ 

r 

■ 

, ! 

' 

, ' 
i ! 

_i_i 

U-, 

t. : - 

.j 

lii: 

i ! i 

lJ  . 

! 

i 

L 

i ' 

L.  r 

* 

• 

L-j 

t 

r ' - 

’ 

; j 

L 1. 

I 

. . _ j 

• 

' ; 

• 

L 

. 

- 

( 

, 

i 

1 

i 

i 

■ 

i '1" 

_ ! 

r i 

i 

■ ' 

; 

7 

l 

i i ..  _ i 

. _ 

71 

— 

1 \ 

.... 

f-  ■ 

.... 

l 

1 > ' <" 

•h__  i. 

►_  .J 

■1 

■ 

■ 

' 

• i l 

■ 

* 

• 

• 

- 

L i 

* r " 

i 

p~j 

! 

f ! ■ 

! 

■ . 

\ 

i 



— 

77] 

L _L. 

i ........ 

L L-  . 

' 

! 

■ . 

' 

r__j 

• 

! 

U L 

• - 

: 

1 

. 

j 

• 

' 

. 

. 

L_  ,!  ■ 

1 j 

77 

i 

• • 

L_U 

i T- 

i 

"i 

... 

» 

- . •'  

T 

i 

; 

‘ 

...... 

77 

... 

. 

i ! 

r 

1 : 

r_... 

r - ■ t — r 

i 

i 

, 

■ 

. 

■ 

■ 

. 

- 

L _i 

- 

r ' 

L ' 

I 

» 

k ....  J 

— 

! 

£ 

__  .j 

1 • 

. .4 

•4 

• 

' 

u 7 

L7 

ft ! 

j 

; 

_ . ! J 

* l ; ; 

* 

; 

! ! 

.. 

4 

. 

i 

i 

" ST  , 

....1 

j 

_ i ; . 

! i 

1 

; 

! : 

i 

: 

< 1 

■ j 

i 

, i 

3 ..  _ •_  ■ L 

T~ 

1 

■I 

. 

j 

J . 

X ! ■ 

J 1 

1 ■ 

. j 

• 

! • 

i 

i 

>•  • ; 

1. 

i : 





1 

— 

: 

' 

1 1 

NE#  < SECONDS) 


9438  TWTA  PARAMETERS 


; 



r 

'"'"I 



□ 'j 

rn 

• • c — ••*---  o 

_ _ 1 2 

i : . 

r 

r 

L.  * j 

l y 

^ * 

r ""i 

L 

r 

j 





• 

i 

: . i ..  . . 

! - - 

..  . 

, i , 

. -L  ...  _ 

L 

i 

[ 

r 

.... 

- J 

• 

: .i 

1 

l-  - 

r 

i . . ( 

...  -<* 

t 

t 

_ 

i 

7:  H 

bJ 

: I ! : 

• 

j j . . 

r 

. . ..  j 

...  i . 

. . 

U ' . 

r~'  ; 1 

. i 

i 

■ 1 

d 



■ 

r- 

XL  . 

• 

■ 

jj 

|_  .. 

i 

■ 

' 

. j_  .. 

L . J_  - 

r ; " 

r 

■ 

1 

L 

Li..  ■ • 

._ . . i_. _ .. 

. . 1 

... 

k Tl'  " 

■ i 

; 

O 

! r 

. i 



j 

' 

* 

• 

l_  ; 

. ...  .... _$ 

■ J __.L 

' 

L-1 

. » 

i . 

■ 

' 

. 

• i : 

r i i 



L : 

i 

. 

1 ;■■■*. 

r ■ 

i 

-- 

■ • 

_•  L 

.•  i • 

T 

L 

t 

: 

. 

* O 

o 

« N 

i 0> 

1 

S ‘ J 

T 

_ I ..  J L.  . 

.. . ..  ^ 

L _ 

f 

J .... 

1 

.... 

r 

i 

» • : 

J 

. 



. 

-4 

^ ! ' 

! 

. _ 

w 

r : 

? l__.L  A 

’ 

1 

’ 

- --  - -0 

v 2 

7 

\ 1 



j 

* T* 

■ i 

' ' 

■-j 

~ - 

....  L...  :j 

L . . ‘ i . ..' 

. J 

i _ 

j 

l.  j 

i 



t i 

» ! 

• 

— 

■■ 

u 

* • 

1 

r : • - 



r 

-4 

7"  - T • T i" • ! 

r-  _ 

r - O 

Xf-  J 

{ 

r 

- "i 

• 4 — i — ■< 
• 



! 

....  J. 

■ . : 

! • 

i — 

L ji 

j 

1 

T" 

. 

7 

— !■— 

i _ ‘ 

i < 

— • • — — 

— 

~ 

• o 

■ ■ r: -c . . i J 

i ! J J i 

L - _ 

J L 1 1 . i 

j_..i !.. 

r i it. 

j ' i 

L.  -L.-J 

:.! 

- ... 

: ' 

- - 

: i _ ! 

T“ 

— . 

_ 

...  _ ....  ...  .....  . a 

_ ..  . 1 L ..  2 

9438  TWTA  PARAMETERS  21  MAY  1977 


[j.; 

f“T 

rr 

IE 

■ - 

— r ■ • 

Ill 

: - 

* 

. 

1 

u 1 . .. 

1 

EL 

. • ! 

i 

f 

i t 

1 ' 

‘ 



IE  j 

EL. 

i . 

r "■ 

! 

• 

L' 

i_ 

' 1 

I.  . 

i ! 

! 

i 

r 

....j 

! 1 

' 1 

t ' 

r.- 

. 



1, 

j 

■ ■ ■ 

L 1 j 

! 1 

— H 

LT 

r~- 

L 

1-  r 

• 

■ j 

E 

- 

' 

i 

1 

L 

- 

i . i 

' 

• 

...... 

L ...  .. 

• 4 

■ 



{ 

... 

- 

.. . 

■ j 

; ..  l . . i 

: 

: : 

L.  . 

! 

. 

• 

y 1 

r r 

• . 

.. 

r 

L 

i_i 

E . 

.. 

, i 

' i T 

• 

. 

*"  t 

rr 

■ 

• H 

1 

i 

L 

'n 

r.  t r ■ 

i 1 j 

: 

.. 

i 

, 

fZ. 

r; 

, t -w  r 

r"  ‘ 

; 

: 

“ 

E 

!■  -M 

. 



' 

\ 

i. 

L ■ .. 

.. 

t 

EE 

• 

' 

E 

" “ 

lJJ 

.. 

EE 

. 

4 

_ 

! 

l.  i E 



L 

■ 

- 

: 

L J 

. ..  . 

, ... 

r ■ 

i...:  4 

L. 

, 4.  .j 

: .. 

L - 

• ~! 

. . .l  . : j 

Pi 

L t 

; ' . 

p 

r T i 

.. 



l 



r 

“7 

(TT._i 

*■  ~”1 

i 

: j...+  _ 

IE 

E 

... ..: 

_ 

...... 

. 

r~ 

_ 

■ 

L_ 

L 

L,  .. 

L_. 

E_. 

. 

; - 

L E 

1 

n 

L. 

l 5 i 

r ■ 

i__  ‘ . j 

i 

• 

: 

7— 
_ * 

L T 1 

. 

4-* 

_ 

L 

L.„4 L 

tnj 

L. 

. 

. 

L . 

i 

. ' J 

• 

_ 

L . .. 

1 

• 

P 

j 

. L_  . 

t 

T ; 

! 

r ■ i 

• 

r 

E: 

..i 

| 

■ 

. i 

..  _ i ! 

■ I 

P ! ..... 

....  i 

T ’ J 

~ . 

1 ; ‘ ' 

\ : 

l ! 

r 

I ■ 

“1 

i i ! 

1.  .4. 

• n 

r ^ 

- 

: 

| 

. 

t -i- 

_ ..  _. 

- - 

: — i ...j..  _ .| 

L . 

j. 

...  L 

f 

| i » 

: ! 



: i 

* 

- - ^ 

. ..  . 

i 

L. 

i . . 

i » • ! . 

. 

> 

r : ^ 

j . 

. 

! 

■ i 

.. 

i 

i r • 

! 

• . • ■ 

• 

E E 

■ 

. 

"i 

j 

1 . L . L 

• 

1 

' 

L: 

..... 

E . 

i 

• i ... 

r. . r 

r • J ( 

' 

" ■ 

r— 1- 

. 

1 

. 

; ’ 1 

i 

. 

; ... 

i 

! i 

“1 

r:r 

. 



L 4_J 

J 

rr 

r 

, ! 

! | 

1 

<i  r+ 

j 

; .....  •- 

L_ 

E 4 

~i 

.... 

-f 

...  i.  } 

_E 

_ 

u -. 

: 

‘ J."J  1 

n 

■r 

...... 

' , t 

1 

. 

- 

- -I 

■ 

L_  _J 

L ... .. 

!_  "T  E. 

J J 

. j ; 

L i 

.... 

_ _ 

EJ 

r 

1.... 

I J J 

. . 

t 

X 4 

T“ 

E 

L_  1 J 

- 

i 

L _j 

L 

- 

■ 

i i i 

1 

L . 

A 

X 

» 

1 

" L. 



; 







. 

| 

...  i.E^.L.  J._. 

_ _. ! . l 

..... 

i 

Li. 

7 — — i - 

i± 

i ... 

Li_ 

- f * 

i 

H- 

1 

1 

— 

« 

r-Z-r- 

..L. 

1 

1 

1 

.1 

• 

i 

l.zl 

I-  1 
— 

LLLL  . 

1 

1 

i.z 

c 

* 

> 

> 

i • 

! 

i— — 

r 

Ll±_. 

r-  • 

"T  _ 

’ -i 

1 

I T 

T 

j...... 

1 

r ! 

f 

1 

ZZ"T 

m 

IV 

rv 

tijz 

; j ; 

i 

L 

f ; ' 

p , T 
a—.  - 

r 

rz. 

Lz 

"" 

..  1.  j—  | 

LX 

CD 

r 

LuX 

. i 

r*t 

f !“  '* 

h- 

1 t 

, 

Lz 

r • 

i± 

t- 

— T ' * 

LZ 

I ■- 

1.  .4.- .. 

.! 

r:  ^ xzzi 

i . ? 

0 

9 

■ • 



; ; 

s_ 

j | 

— 

j.  - 

! : 

1 

1 

I 



j - i— - 

^ - 



' 

■ 

f";H  ' j 

i_  ...... 

1 

! 

1" 

• 

/ 

<E 

l i - 

• 

[ 

L__ 

1 

LZ 

r 

L: 

t 

LZ 

n_ 



I-  ■ 

_ 

■ J.  ■ 

■ • 



— — r — r — * 

3 

8 

L-  *— - | - 

r j 

4 

■ 

• 

: i 

1 

■■ 

1 

h -• 

LZ 

Li.. 

[L 

L_i . i ... ; 

i i 

• • - r • ■ 

. .. , ~ 

1“ 

CN 

j . i - 1 

j J. L„. 

-4 

Ill 

1 

r-  - - 

— 

r 7 

___ 

LZ 

' 

— r 

L - 

1 i 

!zz._ 

ZZ'ZZ 

J 

r « 

_* 

1 

D 

t 

0 

r- — 1 

L..  . ]_ 

! 

i 

- 

1 

1 

1 



T . 

1 

t 

r*  1 t 

“'T  ' 

» 

“T 

. 

- 

— 

r~~i"  ■ 

■ r • : 

• 

' f- 

LjZL 

ZZ 

•! 

. . 

• 

ZL 

j 

1 

z±zL 

j 

7 

~p 





LZ. 

Z^_ZZ'..j 

r l.7| 

P 

.. 



. 

CD 

L.  .!  ' i 

i 

1 

— 

r~ 

- 

L_ 

LZ.' 

r 







L. 

’ i 

C£ 

L ..  .I  .. 

: 



. 

L ..... 

. ... 

_ 1. 

LZ 

f j l 

1 

LU 



• 1 1 

FT 

~ - ^ 

”T 



■ 

L— i 

. 

... 

; 

_j_ 

* 

r ! j_  ..j 

1 — 

LZIL 

J z_ 



i 

r ■ 

i 

LU 



L ! 

1 ; 

' "j 

1 

, 

LZ 

L,_ 

■ 

i 

1 

Lzz  r l 

m 

H 

zt: 

n'f~" 

| 

z~ 

LZ 

LL  _ 

Z _ 

- 

1 . 

. r - - 

1 

<1 

A/ 

i i 

•j-  r~ 

...... 

LZ 

T ^ 

(_...  ..  - . -c 

j 

uc 

<r 

r\ 

“ • r i 

, • ^ 

-f z 

— 

Li- 

. 

■ ; 

- t- 

— 

L 

r__l 

ZZ 

:z: 





— 

• 

4—7  -- 

■ ~ r • - 

•. 

LL_ 

/T 

zzzt 

Z 

th 

lL  ; - • 

.... 

u. 

r 

! 

. 

’ 





..  -f  . 



L..i  . 

, 

j 

V-L 

h~ 

— 

. .i . ' T : 

! i T 

■ . j_j_ 

• 



zl; 

' ~ t 

1 

1 

( 

< 

- H 

c 

" "t 

i 

; ■ j 

■ 

1 — 

. t 

~ 1 ~ ! " 

:ti|z' 

z_ 

. ....  .4.  . . 

’ 

■ 

l_  ! .: 

r . 

— 

: 

\ — 

. ...J 

i ! _ 

|_T4_ 

.4. 

...  j 

L.  .1  : . 
L 4.  ! . 

_zjz_;_  _i 

• 

4- 

cn 

i- 

Z T"  "• 

— i - -i-  : - 

i 1 

1 

± 

— 

z • • ■) 

u . — -----a 

3 

D 

S co 

i 

_.._4  :j. 



— r - * — 

. 

. . J 

_ . .. 

..... 

r t 1 

1 

1 

- 

* a 
z 

• r-7 

1 

; 

4 - ~ - 1 

z 



_ 



■“  * 

! ' 

r ■ 

— 

... 





— . 

' ■ ;< 

• - : • - « 

• . ; J 

IgJ 

LZ 

! 

. I 

,1 

z> 

X 

,...  ... 



L . 

L_-_ 

.... 

I 

+ ; 

1 



-I 

L._ ... 

X/ 

• 

:L.L 

j , 

. 

- ' 

: ■ 

77* 

1 

! 

lL 

^ ....  1 

! 

..  _ . 

T' 

r 

5 

J 

^ rz 

zz 

i ' 

z* 

n 

s 

> 

i. . 

. i 

1 

T 



~t'j 

mm 

— , — 

~ r 

.. 

i 

z 

j 

j 

I Hi 

J 

.z 

i 

__  1 

j 

ZZ 

i- 

LZ 

_ j_  . 

....  

-c 

J 

3 

3 

r 1 

; i ■ j 

''I 

Z “ 

* 

i 

z 

. 

z 

5 

i 

n 

r 

5 

V 

B 

. 

• • _j 

..  Li 

• 

, 

i 

• 

L._ 

■ j 

t 

— i 

1 

-j 

_ -- r -J 

r~  r-  --f 

• 

. 

ZTZ 

Z 

• 

L , 



s ; 

p-  — 1 

T 

♦ 

_ ~ri 

p : r ? 

— a 

i 

1 — — 

) 

— 

i-' 

rz 

“1 

r 

r~i 

1 

J 

1 

1 

8 

«Z‘ 

~4B 

j 

~~  j; 

r 1 

_ I f. 

ZZj 

V- 

t 

: 1 

, 

T £U' 

IQ  5 3x135 

. I 

> 

_;j 

r j - 

I 

_LjT  l. 

1 

. L.i 

~T~" 

J— 

i 4 .: 

I 1 

“1 

1 

— 

ir 

— * 

- : J— . . . t 

__J 

1 

y—  — 

^ 

1 

y — — — 

4 r 

JU 

T 

lZL 

• 

* 



— t. 

j 1 

• | 

S..LJ 

u n 

; 7 

Zj 

!•  j _ 

T 

;_L_ 

if.i 

‘ i* 

0 

l . : 

~i  ~z~  ~ 

{ r 

~ r~i 

j 

_ Tn 

LZ i 

1 

i . 



fr— •_  -] 

j 



Lia 

iu)  /hih- 

— • j 

+ 

i 

__J 

r 

1 ' 

ZZ] 

! 

ZZ 

j 

Z 

i ! 1 i 1 

— i 

1 

| 

i 

i 

ru  ‘ 

L 

• i 

j 

» i 

“Z 

1 

— 

1 

• _ . 

...  J 

■ - -1 

r-  j — 

tzJ 

1 

rT 

! IV. 

1 u>  1 1 



lZ 

a 

* ! 

ZZ 

f 

_ <1 

rz 

V 

■ 

t 

..  L.  ®’ 

d> 

| r 

— 1 

1 

~ I 



— 1 

- i 

LZ 

. . . 

Zt_ 

i c» 

XI 

zz 

... L . _ 

:zt 

• i"  | 

j , 

1 

L . 1 

ZL 

i 

1 i 

JUi  |3.LHj 



i 

- i 

<0 

< 

• i i 

9 • j 

; + 



I 

d 

CM_ 

1 • 1 

< 

• 

— -* 

j 

_ T r 

«r 

y 

oi  2 

! ' i 

m 

- J - 1 

. - . L 

_ 1 

• — 1 
■--- 

..  t .1 
1 



- z 

. r ~; 

1 LH~ 

<1 

i 

T 

1 

i 

tt4 

Zz 

1 

: I- 

A- 25 

7 

. 



f— 

, 

i 

1 

MB 

c 


APPENDIX  A-3 

F7  AND  F8  HLTWTA  TELEMETRY  PARAMETERS 
AT  INITIAL  TURN  ON  AND  WHILE  OPERATING 
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APPENDIX  A-4 

F7  AND  F8  TELEMETRY  PARAMETERS  AT 
TURN  ON  DURING  SELECTED  GROUND  TEST 
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APPENDIX  A-5 

RECORDINGS  OF  SELECTED  HLTV/TA  TURN  ON  EVENTS 
DURING  EXPENDED  TEMPERATURE  CYCLING  THERMAL  VACUUM  TESTING 
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APPENDIX-A-6 

HLTWTA  OPERATING  DATA  SUMMARY 
DURING  UNIT  AND  SYSTEM  LEVEL  GROUND  TESTING 
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APPENDIX  B 

PREVIOUS  HLTWTA  FAILURE  ANALYSIS  REPORTS 


All  testing  reported  In  this  section  was 
performed  under  ambient  pressure  and  room 
temperature  conditions  unless  specifically 
stated  otherwise. 


APPENDIX  B-l 

IOC:  TESTING  OF  TWTA  POWER  SUPPLY 
BREADBOARD,  17  FEB  1975,  D.L.  CRONIN 
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INTCROmCI  CORRESPONDKNCE 


TO: 


J.  L.  Streisand 


CC: 


OATS: 


17  February  1975 


•usjsct:  Testing  of  TWTA  Power  Supply 
Breadboard 


rnoM 


D.  L>.  Cronin 


R2 


MAIL  »TA.  1ST. 

2162  50585 


References: 


1)  O.  Cronin  to  J.  Streisand  dated  21  October  1974, 
"Investigation  of  ECHL  #1  TWTA  Anomaly  on 
777  S/C  4" 


2)  D.  Cronin  to  J.  Streisand  dated  23  October  1974, 
"Testing  to  Duplicate  ECHL  #1  TWTA  Anomaly 
777  S/C  4" 


Tests  were  conducted  on  a TWTA  power  supply  breadboard/dummy 
load  at  H.  A.C.  Torrance  Facility  on  16  January  1975.  The  test 
procedure  was  approximately  as  outlined  in  the  October  23rd  memo 
referenced  above. 


The  breadboard  is  used  to  power  TWT's  from  several  programs  and 
must  have  modification  made  to  meet  the  specification  of  a particular 
tube.  The  breadboard  was  not  vigorously  configured  to  the  777 
specification.  In  particular: 


The  heater  series  regulator  was  set  high  at  5.7V 
instead  of  5.  4 volt. 


Input  and  helix  current  resistors  Rll,  R3,  R1  and  R2 
did  not  have  the  absolute  values  called  out  on  the  777 
drawings.  Trip  level  of  input  and  helix  current  were 
set  but  tests  for  calibration  shift  with  failure  of  these 
resistors  were  inconclusive. 


Test  data  and  oscilloscope  pictures  of  wave  forms  are  attached. 


Test  Results 


1. 


Single  component  failures  which  inhibit  the  main  voltage 
regulation  loop  and  keep  the  start  circuit  control  loop 
in  operation  had  the  following  effects  on  performance. 
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2. 


• Heater  current  and  voltage  was  25%  below  normal 
settings  during  and  after  the  heater  warm-up  period. 

• The  time  out  period  shifted  from  90  seconds  to 
125  seconds. 

• The  19  volt  bus  regulated  at  15  VDC.a  lower  voltage 
than  had  been  anticipated.  The  effect  accounts  for 
the  extended  time  out  period  and  low  heater  current. 

No  explanation  for  the  low  bus  voltage  was  found. 
Accrued  worst  case  tolerance  on  parts  which 
establish  this  parameter  would  result  in  a bus 
voltage  no  lower  than  15.6  VDC.  Second  order 
effects  such  as  filter  Q or  transistor  Betas  may 
be  on  explanation. 

• It  is  also  possible  that  a lower  value  zener  than  the 
VR 3 (1N965B)  as  specified  for  the  program  was 
installed  in  the  breadboard.  This  part  is  not 
critical  in  normal  operation. 

• Sustained  oscillation  occurred  with  random  low 
frequency  components  during  the  first  few  minutes 
after  high  voltage  turn  on.  Cathode  ripple  varied 
from  180  to  400  time  normal.  Cathode  ripple  in 
front  of  the  HV  ^section  filters  was  not  read  but 
based  on  a 190:1  transformer  ratio  and  2.  5V  P- P 
on  the  DC  bus,  would  have  been  450V  P- P. 

The  frequency  of  oscillation  was  approximately 
2700  II3  as  opposed  to  800  II 3 or  Jess  as  predicted. 

Had  oscillation  been  at  the  lower  frequency  ripple 
amplitude  would  have  been  approximately  20  db 
higher.  An  explanation  for  the  frequency  difference 
may  be  non  linear  second  order  effects  such  as 
peak  charging  filters  and  circuit  Q's. 

Single  component  failure  tests  which  initiate  the  over  current 

protective  circuitry  gave  the  following  results: 

• Removal  of  R]J  caused  the  unit  to  trip  off  shortly 
after  the  unit  was  turned  on  and  during  heater  warm-up. 
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• Removal  of  R3  had  no  effect.  R3  (SIT)  and  Rji 
were  thought  to  be  1.82K  and  approximately 
equal.  However,  in  the  breadboard  R3  was 

33  K W. 

• Removal  of  C3  (33  p f)  resulted  in  a normal  heater 
time  out  but  executed  the  protective  circuitry  a 
few  seconds  after  HV  was  turned  on. 

Conclusions 

1.  Single  part  failure  in  the  main  voltage  regulation  loop 
resulted  in  reduced  input  current  as  indicated  by  telemetry 
during  the  ECHL  1 TWTA.  Anomaly  on  777  S/C  4.  However, 
heater  time  out  extended  from  90  to  125  seconds*  Heater  time 
out  during  the  anomaly  remained  constant  at  approximately 

90  seconds  which  would  indicate  that  this  was  not-the  failure 
mode. 

2.  Single  part  failure  in  the  protective  circuitry  will  give  a 
normal  time  out  but  trip  the  unit  off  when  high  voltage  is 
applied.  However,  input  current  would  not  reduce  as 
indicated  by  telemetry  during  the  ananioly. 

3.  The  ripple  voltage  due  to  oscillation  of  the  power  supply 
was  large  compared  to  normal  operation  but  probably 

not  large  enough  to  damage  or  influence  the  dynamic  opera- 
tion of  the  TWTA. 

4.  If  a TWT  had  been  used  for  a load  during  this  test  the  low 
H.  V.  output  would  have  probably  caused  a helix  over 
current  trip. 


f 
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Test  Number  2.  Component  Failure  in  the  Protective  Circuits 


Condition:  Disconnect  capacitor  C2  (33  pf)  all  other  conditions 
nominal 

Results:  i.  Normal  heater  time  out  and  all  reading  nominal 

2.  Unit  tripped  off  after  short  time  delay  (1  to  10  sec) 
when  high  voltage  came  on. 

Test  Number  3.  Component  Failure  in  the  Main  Voltage 
Regulator  Circuit 

Condition:  + 5 VDC  supply  removed 


A.  Reading  Taken  During  Heater  Time  Out 

1. 

Heater  Current 

310  ma 

2. 

Heater  Voltage 

4.  3 VDC 

3. 

Input  Current 

226  ma 

4. 

19  volt  Bus  Voltage  approximately 

15  VDC 

5. 

Heater  Time  Out 

125  sec 

B.  Reading  Taken  with  HV  Turned  On* 

1. 

Heater  Current 

310  ma 

2. 

Heater  Voltage 

4.  3 VDC 

3. 

Input  Current 

2. 4 amps 

4. 

19  V Bus  Voltage 

15.07  VDC 

5. 

High  Voltage  Output 

EK  approximately 

-2861 

EC  approximately 

-1773 

*The  power  supply  was  oscillating  during  these  readings.  Input 
current  varied  from  2.3  to  2.5  amps  after  approximately  3 minute 
current  stabilized  at  2.44  amps,  but  high  frequency  oscillation 
continued  (see  photos). 
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Test  data  taken  on  HAC  TWTA  breadboard  power  supply  - (Resistive  Loads! 

Tests  conducted  16  January  1975  at  Torrance  facility. 

Test  Number  1 . Initial  conditions  prior  to  component 
failure  simulation 

\.  Calibration  Settings 


1.  Input  Current  Trip 

6.  5 amps 

2.  Helix  Current  Trip 

6.  0 ma 

3.  Heater  Time  Out 

90. 5 sec 

Nominal  Operation  Conditions 

1.  During  Heater  Time  Out.  (HV  Off) 

a.  Heater  Current 

412  ma 

b.  Heater  Voltage 

5.  7 volts 

c.  Heater  Linear  Regulator  Output  Voltage 

18.  84  VDC 

d.  Input  Current 

301  ma 

e.  19  Volt  Bus  Voltage 

19.  86  VDC 

f.  Supply  Voltage 

32.  5 VDC 

2.  High  Voltage  "ON" 

a.  Heater  Current 

412  ma 

b.  Heater  Voltage 

5.  7 VDC 

c.  Heater  Linear  Regulator  Output 

18.  84  VDC 

•d.  Input  Current 

2.817  amps 

e.  19  Volt  Bus  Voltage 

19.33  VDC 

f.  Supply  Voltage 

32.0  VDC 

g.  High  Voltage  Output 

EK 

- 3688  VDC 

IK 

. 5 ma 

E 

-2286 
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INVESTIGATION  OF  777  HLTWTA  RESPONSES 
TO  DISTURBANCES  ON  PRIMARY  POWER  AND 
CONTROL  VOLTAGE  LINES. 


Background : As  a portion  of  the  on-going  investigation  of  the  777 
HLTWTA  anomalies  experienced  on-orbit,  the  EM  Control  Department  was 
requested  by  the  777  Project  Office  to  devise  a series  of  tests  to 
characterize  the  nature,  if  any,  of  responses  by  the  HLTWTA  to  abnormal 
disturbances  on  its  power  and  control  lines.  The  purpose  was  not  to 
repeat  normal  EMC /EMI  testing  but,  rather,  to  perform  non-destructive 
tests  at  levels  outside  of  specified  tolerances.  It  was,  therefore, 
first  postulated  that  there  might  be  undetected  interruptions  in  either 
the  primary  power  voltage  or  the  control  voltage,  or  both.  Secondly, 
the  occurrence  of  positive  or  negative  transients  on  the  control  line 
was  postulated  since  Control  lines  are  not  normally  tested  for  spike 
susceptibility  during  EMI  qualification  tests.  A further  test  objective 
was  to  determine  the  actual  audio  susceptibility  characteristics  of  the 
HLTWTA.  The  qualification  test  program  had  merely  required  go/no-go 
testing  against  the  published  limit  curve. 

The  HLTWTA  first  made  available  for  test  was  the  Qualification  Unit 
(TRW  S/N  13-1,  Hughes  S/N  19) . It  was  decided  very  shortly  to  discontinue 
testing  on  this  unit.  The  first  test  sequence,  one  millisecond  inter- 
ruptions of  28  VDC  power,  resulted  in  severe  perturbations  on  all  of  the 
TUI  outputs.  Indications  were  that  the  high  voltages  on  the  tube  were 
dropping  toward  zero  for  25  - AO  milliseconds.  It  was  felt  that  this 
could  damage  the  Qualification  Unit  tube. 

The  data  shown  in  this  package  was  obtained  using  HLTWTA  Model 
1202H-2,  TRW  S/N  24-13,  Hughes  S/N  18.  The  tube  had  previously  been 
removed  from  this  unit  but  the  power  converter  modules  were  still 
operational.  Initial  tests  on  S/N  24-13  showed  TLM  output  waveforms 
virtually  Identical  to  those  obtained  with  S/N  13-1.  . 


B-13 


‘ 

t 


I 


ENGINEERING  NOTES  ON  THIS  SECTION 


1.  Figure  1 shows  the  basic  test  setup.  A 100  ohm  resistor  was  period- 
ically switched  in  series  with  the  positive  Input  power  line  while 

various  outputs,  and  internal  test  points  were  monitored  on  an 
oscilloscope.  The  pulse  repetition  rate  was  normally  0.5  pps  while 
visually  monitoring  the  scope.  One  shot  pulses  were  used  during 
photography. 

2.  Figure  2 shows  the  Internal  schematics  of  the  test  aid  boxes. 

3.  Figure  3 is  a simplified  schematic  of  the  HLTWTA  power  section  to 

show  the  location  of  test  points  used  during  these  tests. 

4.  Photos  1-11  show  the  most  significant  data  obtained  during  these 
tests.  It  was  discovered  toward  the  end  of  the  test  program  that 
the  exlstance  and  magnitude  of  perturbations  on  the  HV  outputs 
was  a function  of  the  level  of  the  CMD  voltage.  Ringing  on  the 
SIG  RTN  BUS  appears  to  cause  abnormal  reactions  in  the  logic  and 
regulator  circuits  if  the  CMD  voltage  is  on  the  low  side  of  its 
tolerance. 

5.  The  remaining  photos  in  this  section  are  included  for  information 
only.  There  was  no  accurate  record  of  the  CMD  voltage  level  when 
these  photos  were  taken. 


B-l  5 


tvm  fctMovfcD,  no*  ctfMveartR 
OuTfWTJ  HRRDu/iRfiD  VlKfiCT 
To  OwHMT  kOAO  %6K 


Bo'S  out 


fi 


Q\  * 

I 


R.I  SX.'Aiw  <*i  XM<t«48f 

(U  lOK/Atu  QX 

MK,Vv«*»  $3  1W6I1I 

RH  lK,a*>  (?M  XMH1VI 

Ki  i k, ‘A"  oi, pa.  iMifHn 

RC  1 00  (1/  %W 


fc£T7-) 


CONTROLLED  P3(j£RuiM£ 
INTERRUPT  Swi“i  H 


^ TRW  \X£ROOX^ 


. j 6K,liW  PKlsW  Q^iw 
C OttCCToR  O — <— 'V.V^A» W AA— — WW« — 

(«rt 


RW00  6 


HtRTfeR 


:a, 


(B*n) 


'W^v«4- 

iTSljtoto 


RI-  AOJ  ?i>\  3iKai ;- 
TO  Y6C 

RX-  S£L  P&R  3.6MJI, 
TO  6NP 

RT-  Rt>4  fOR  \MX,  2 
7*  T6«_ 


TfcVT  O- 


_ I yiOK.ftJ  *'I0K,I4>  *Tl0K(IW 

C ATHOOfc  Or^T VA-V— — VA' 'VvV'—. 

^£LT^— — — 1 5.I.T. 

O0tC,IW  £16K,IU  5lOK,IIW 


Dl/MHY  Lo  At>  TlOV 


SPECIAL  T£ST  AID  T*OV£S 


Fi&o>R£  ^ 


LIST  OF  TEST  POINTS 


TP 

FUNCTION 

LOCATION 

1. 

Input  Terminal  Voltage 

Jl-8 

2. 

Filter  Output 

Pos.  Term.  C4  (A6) 

(-• 

3. 

+19V  Bus 

Term.  E30  (A2) 

4. 

Signal  Return  Bus 

Pos.  Term.  C5  (A5) 

5. 

Cathode  (HV  Output) 

YEL  Term.  @ Load 

6. 

Collector  (HV  Output) 

RED  Term.  @ Load 

7. 

Anode  (HV  Output) 

GRN  Term.  @ Load 

- 

8. 

5V  On  Cmd  Voltage 

Jl-4 

(’ 

l 

9. 

Helix  Voltage  TLM 

Jl-3 

10. 

Helix  Current  TLM 

Jl-10 

11. 

Cathode  Current  TLM 

Jl-9 

12. 

HTR  Voltage  TLM 

Jl-2 

13. 

Input  Current  TLM 

Jl-1 

14. 

Input  Line  Current 

Current  Probe 
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SIMPLIFIED  PwR  CONVERTER  SCHEmM"! c 


UPPER  TRACE  +‘*l'fPC 
TP  I TO  6HO  ItoPuT  T£H  MlPJAt-  \JQLT4&Z 


V:  !Q  V/cm;  H:  g?«V«s/cm 


CENTER  TRACE  +1XV9C, 

TP  X TO  4 VO  + FlLTE*  0UT(VT  7£*KtVA<- 


V:  IP  V/cm;  H:  0. £is/cm 

LOWER  TRACE  +HM 
TP  T0  6vO  g£60lA<?>  Bc/J 


^ V;  1C  V/cm;  H:  ^jg/cm 
PHOTO  NO.  (T) 

UPPER  TRACE  SIS  R7V  80S 
TP  H TOtfAiO  (-  FUreR  orrpu-  teKhinac) 


1C  V/cm;  H:  4.V«ts/cm 


CENTER  TRACE  FILTER,  OUTPUT 
TP  TO  TPH  R £F£R£VC£Q  Jo  St&  RTfi/ 

V:  10  V/cm;  H:  0.  fe/cm 

LOWER  TRACE  Bfc>* 

TP  TO  7 FV  QtFtktHCiQ  TE  3(6  R77V 

Vt  /E  V/cm;  H: _£M*s/cm 

PHOTO  NO.  ^ 

UPPER  TRACE  HV  COLLECT** 
TP  C TO  4»*0  CVJfVT  (REO)  ± -21 OOVK 


V:  \QO  V/cm;  H:  fl»W/cm 

LOWER  TRACE  HV  CATHOPfi 
TP  ^TO^VO  0is7F0T(Y£L)  t-?10CVDC 


PHOTO  NO 


• ill 


V;  100  V/cm;  H:  0. We/cm 


COMMENTS:  7tf£Sf  PK0T&J  TAfc£fU 


VCN  CMV* AT  H.lfVVC.  INPc ? 


P*R  UN£  INT£KMPT£0  ± CSOfAltC. 


Date  2zll-J± 


V:  1*0  V/cm;  H: /Cm  s/cm 

TP  X_ 

CENTER  TRACE  +?2tfP£ 
to^wO  ♦FitW  ot/rpt/r 

V:  1*0  V/cm;  H:  /Cm s/cm 

TP  ^ 

LOWER  TRACE 

10&NP  REGc/CATfcfc  BUS 

PHOTO  NO 


■<2£ 


V;  h 0 V/ cm;  H:  iQm.  s/cm 


UPPER  TRACE  RTM  8t‘J 

TP  ^ TO  f-F/LTfcR  0WTPU7> 


L. 


6F  tc  5/6  R7AJ 


V:  |«0  V/cm;  H:  fOxs/cm 

LOWER  TRACE  _±fV/_^Oj_ 
TP  3 TOT^f  70  $/£  #T/u 


V;  /,C  V/cm;  H:  /Ons/cm 

PHOTO  NO.  (jO 


UPPER  TRACE  HV  CoiLBCVfc 
TP  j6_  TO  OUT  POT  (R&p) 

V;  |00  V/cm;  H:  /flus/cm 


LOWER  TRACE  ft?  CKiHQL 
TP  _*T  TO  £^0  oqtVvT  fv&O 

V:  l^fl  V/cn;  H:J0j»s/cm 

PHOTO  NO.  fe) 

COMMENTS:  SAHfc  COVbTiOAiJ  fit  PHOTOS 
1-1.  T7M6  AMP  tfOLTAGt  1CAL£S 
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UPPER  TRACE  +*»!**€ 

TP  J_  TO 4??  INPUT  TERmVA*. 

V:  IQ  V/ cm;  H:  g.S^/cm 

CENTER  TRACE 

TP  tq6W  4>  Filt&H  pvTpm 

V:  /tf  V/cm;  H;  fl^ms/cm 

LOWER  TRACE  9 WC 
TP  TO  4*?  ftg6c/LAT£P 

V:  tO  V/cm;  H:  &S>a6/cm 

PHOTO  NO,  #t 


UPPER  TRACE  Jl&R7W_8l* 
TP  _H_  TO  4*!?  (~FlLT£lL  OUTPUT) 

V:  l O V/cm;  H:  0,V««s/cm 


u 


CENTER  TRACE  FILT&*  O^fhJT 
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V/cm;  H:4.f  ms/cm 


TP 


LOWER  TRACE 

TO  TPV  TP  R7<0 
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V:  V/cm;  H:  ^Vjis/cm 
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UPPER  TRACE  HV  COLUCTci 

tp  &_  to  6M>  output  (At*) 

V;  /Pgy/cm;  H:  l.$*s/cm 

LOWER  TRACE  HV_CPTHOPf_ 
TP  S’  TO  rt/Tft/7  (YBl) 

^■.V:  100  V/ a n;  H:  #>«s/cm 

PHOTO  NO. 

COMMENTS:  ZQUOrttCAJt  SIMILAR,  To 
RH07OS  i-l  6xc&rr  "wpai  chP* 
&/*f  RAI  S£t>  T»  f.xfvtc. 

Tech Oate  7»if»7V“ 

*tejz£E£2 


UPPER  TRACE  +**vp£ 

TP  J_  TO  QjO  rNft/T  V0t-7K6Q 

V:  tO  V/cm;  H :QS is/cii 

CENTER  TRACE  +1^* 

TP  3 TO  RE&.  BUS 


V:  10  V/cm;  H:  0.lT«s/ 

LOWER  TRACE  SI4  RTftf 
TP  TO&fl  Bl/<  (»l&. FILTH 


V:  10  V/cm;  H:  0.  Vs/ 

PHOTO  NO.  MO) 

UPPER  TRACE-  +1WC 
TP  * TO  <»0  InRut  »yt.7A66 


10  V/cm;  H:  OS*s/ 
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Data  Sheet  of  

Project  997 

Unit  Tested  /iLTuyf* 

Top  Trace 

Steady-State  

Vertical  V/cm 

Bottom  Trace  t*  d&ffffVT' 

Steady-State  

Vertical  S V-/ cm 

Horizontal  S *+•  s/cm 
Notes: 
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Data  Sheet 


Project  777 
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Unit  Tested  biL^LSTft 

Top  Trace  V 32  Y£>C_ 

Steady-State  

Vertical 


V/cm 


Bottom  Trace  S'csS 

Steady-State  ~h  / *-? ,*-f  {/DC^ 

Vertical  / V/cm 

Horizontal  /»  s/cm 

Notes:  
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Data  Sheet  of 

Project  "7 1“J 

Unit  Tested 

Top  Trace  f#/  j± 

Steady-State  

Vert.  /a  V/cm,  Horiz 
Bottom  Trace  i*-  '9  V&C- 

Steady-State  

Vert.  2 V/cm,  Horiz 


PHOTO  NO.  

Top  Trace  /*>/£/  />w. 

Steady-State  

Vert.  '6  V/cm,  Horiz.  2 


Bottom  Trace  •¥•/ 9 VG C. 

Steady-State  

Vert.  0.£  V/cm,  Horiz 


PHOTO  NO. 


Top  Trace  /*>&/  ^ 

Steady-State  

Vert.  SO  V/cm,  Horiz. 


Bottom  Trace 


7-#£2>er 


Steady-State  

Vert,  S6  V/cm,  Horiz.  2 >*■> 


Notes: 
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Project  777  

Unit  Tested  /VjLTOrtA 

Top  Trace  /=&/  -/JZ 

Steady-State 

Vert.  V/cm.  Horiz.  tf.2» s/cm 

Bottom  Trace  i/^c.  &<s~S 

Steady-State  

Vert.  g V/cm,  Horiz.  0.Z**  s/cm 
Motes : 
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Top  Trace  P*//e.  -+3Z.  VP<- 

Steady-State  

Vert.  V/cm,  Horiz.  g s/( 


Bottom  Trace 


C BOl 


Steady-State  

Vert.  0.  S V/cm,  Horiz. 
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Top  Trace  /Qg/  /Vv/e  ^Z>C- 

Steady-State  

Vert.  V/cm,  Horiz.  s/cm 

Bottom  Trace  TtfateE 

Steady-State  

Vert.  V/cm,  Horiz.  ^ »y  s 
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Project  -221 

Unit  Tested  /jjfgJTK 

Top  Trace  &£/  Ph//e  -+JB  t/o  c. 

Steady-State  

Vert.  V/cm,  Horlz.  Q.  Z.*,  s / cm 


Bottom  Trace  /'P  koc  &c/S 

Steady-State  

Vert.  Z V/cm,  Horiz.  6.2. •*»  s/cm 
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Top  Trace  &e/  ^/e  l^c. 

Steady-State  

Vert.  V/cm.  Horiz.  ^ s/cm 

Bottom  Trace  -t*  i/£>c.  /30£ 

Steady-State  

Vert.  0»£  V/cm,  Horiz.  2 s/cm 

Notes: 
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Top  Trace  3z.  v&C- 

Steady-State  

Vert.  S0  V/cm,  Horiz.  2 rn  s/cm 

Bottom  Trace  

Steady-State  

Vert.  Sc  V/cm,  Horiz.  s/cm 

Notes: 
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Unit  Tested  Hl-TIjST* 

Top  Trace  

Steady-State  

Vert.  IQ_  _V/ cm,  Horiz.  ■2  m s/cm 

Bottom  Trace  /9  ✓Oo  Ac?  $ 

Steady-State  /7.  Vt/O  c ^ 

Vert.  V/ cm,  Horiz.  . s/cm 


PHOTO  NO.  

Top  Trace  ^ 
Steady-State 


Bottom  Trace^/?(/no  Z?05 

Steady-State  

Vert.  _ 2_  V/cm,  Horiz.  .2**  s/cm 

Notes:  !-{l  •ST'/mek.o* 
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Top  Trace  rhimArr  /to 

Steady-State  33*85* 

Vert.  /Q  V/cm,  Horiz 
Bottom  Trace  -/-/<?  wac.  fry 
Jteady-State  W 9, 4 JPO 


Jteady-State  fj  9.  4 Jpo 
Vert.  V/cm.  Horiz 
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RTE  ___ 

Top  Trace  <o<g/  t*  -3Z  V£>C. 

Steady-State  

Vert,  /C  V/cm,  Horiz . s/cm 

Bpttoa  Trace  i*/y»oc  Sc/S 

Steady-State  

Vert.  V/cm,  Horiz.  ^ /»>  s/cm 

Notea:  
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Top  Trace  /^p/  -y 

Steady-State  

Vert.  V/cm,  Horiz 

Bottom  Trace 

Steady-State  

Vert,  -5*0  V/cm.  Horiz. _ 
Notea: 


ENGINEERING  NOTES  ON  THIS  SECTION 

1.  Test  setup  was  similar  to  that  used  for  interrupting  primary  power 
line.  The  PNP  switch  in  the  test  aid  box  was  placed  in  series  with 
the  + 5 VDC  line  to  Jl-4.  Initially  there  was  no  resistor  placed 
across  the  PNP. 

2.  Figure  1 is  a copy  of  a graph  obtained  from  Hughes  which  indicates 
e roll-off  in  the  HV  outputs  with  repetitive  interruptions  of  the 
CMD  line.  The  ordinate  is  assumed  to  be  the  0-5  V "Helix  Voltage 
TIM"  output  (Jl-3)  translated  into  an  equivalent  CATHODE  voltage. 

3.  Figure  2 shows  similar  data  obtained  by  TRW  (EM  Control  Department) 
on  S/N  24-13  (Hughes  S/N  18)  using  an  average  reading  DC  VTVM. 
Calibration  curves  for  this  TLM  output  were  not  available  to  the 
test  personnel;  therefore,  the  data  was  not  translated  to  an 
equivalent  high  voltage. 

4.  Photos  1-9  were  taken  with  CMD  line  interruptions  of  1.0  milli- 
seconds at  a 10  pulse  per  second  rate.  They  show  that  there  is 
essentially  no  correlation  between  the  waveforms  on  the  actual  internal 
voltages  and  those  appearing  at  the  TLM  output  terminals,  which  are 
the  only  diagnostics  available  on  a flight  unit. 

5.  At  the  pulse  repetition  rate  chosen,  the  waveforms  are  apparently 
non-overlapping.  Average  DC  measurement  techniques  are  therefore 
Invalid.  Figure  1 shows  a 1.2  volt  roll-off,  while  scope  photos 
no.  1 and  3 show  a 2.2  volt  excursion  on  the  Helix  Voltage  TLM 
and  550  volts,  peak-to-peak,  on  the  HV  cathode  output. 

6.  These  photos  also  show  that  Interruptions  of  the  CMD  line  do  not 
need  to  be  repetitive  to  cause  defocusing  of  the  Helix.  Aperiodic 
or  random  interruptions  will  each  cause  a momentary  decrease  in  the 
HV  outputs.  Tube  degradation  could  result  if  these  effects  are 
cumulative. 
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7.  Photos  10-14  show  that  the  effect  Is  most  severe  If  the  CMD  line  Is 
momentarily  open  circuited.  The  effect  is  negligible  with  series 
resistances  less  than  90  kilohms.  These  photos  were  taken  with  a 
resistance  decade  box  across  the  PNP  interrupter  switch. 
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Unit  Tested  j-jj-T  or& 

Top  Trace  TCg 

Steady-State  ■+$  

Vert.  V/cm,  Horiz.  ;y  s/cm 

Bottom  Trace  Tf  S* 

Steady-State  - ? ,7fv->  ,jir, 

Vert.  ^QO  V/cm.  Horiz.  s/cm 


Notes:  A/ 
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^ «■  f?)  ^ I : (a)  /rr.« 


Top  Trace  «l. TPS 

Steady-State  ->  J-~  0 j ;•>  

Vert. 5"  V/cm,  Horiz.  3-0 t\*>  s/cm 

Bottom  Trace  C r- 7 P6 

Steady-State  i)^v'oo 

Vert.  3.QQ  V/cm,  Horiz.  ^0/r.  s/cn 
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Top  Trace  -f  <T \J  CX-  i-.»  »r  O 


Steady-Statef'  Q j;:>C- 

Vert.  — 1 V/cm,  Horiz.  <^Q m s/cn 

Bottom  Trace  /)  a a TP  7 

Steady-State  f '7?  lioc, 

Vert.  jpvO  V/cm,  Horiz.  30,v.  s’/cm 
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AUDIO  SUSCEPTIBILITY  TESTS 
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ENGINEERING  NOTES  ON  THIS  SECTION 


r 


1.  Normal  EMC/EMI  test  techniques  and  setups  were  used  for  high  level 
audio  susceptibility  testing. 

2.  No  significant  responses  were  observed  on  the  HV  outputs  at  audio 
Injection  levels  up  to  10  times  the  levels  imposed  by  the  specifi- 
cations but  significant  audio  ripple  was  observed  on  the  +19  VDC 
BUS. 

3.  The  +19  V BUS  shows  a tolerance  of  +0.5  V on  the  schematics,  there- 
fore, an  audio  ripple  level  of  1.0  Volts,  p-p,  was  chosen  as  a sus- 

ceptibility criteria. 

4.  The  audio  voltage  applied  to  the  input  power  terminals  which  resulted 

In  1.0  volts,  p-p,  ripple  on  the  +19  V BUS  was  then  measured  and 

recorded.  These  levels  are  shown  on  Figure  1. 

5.  The  input  audio  current  was  also  monitored.  The  ratio  between 
Input  audio  voltage  and  current  is  a measure  of  the  apparent  input 
impedance.  This  is  shown  on  Figure  2. 

6.  A post-test  critique  (2  weeks  later)  indicates  that  the  level  of 
audio  ripple  on  the  +19  VDC  BUS  was  probably  a function  of  the  L-C 
circuit  on  the  negative  side  of  the  input  filter.  The  ripple  level 
referenced  to  the  SIG  RTN  BUS  was  probably  considerably  less  than  the 
1.0  volts,  p-p,  which  is  probably  why  there  was  no  significant 
ripple  on  the  HV  outputs. 
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MISCELLANEOUS  TESTS 
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1. 


2. 


3. 


RP  Susceptibility:  The  unit  was  tested  for  RF  susceptibility  on 
its  input  power  lines  at  2 volts,  p-p,  (4  tines  specification) 
fron  150  kHz  to  400  MHz.  No  malfunctions  noted. 

Spike  Susceptibility,  Control  Line:  Positive  spikes  of  10  volt 
peak  amplitude  and  10  microsecond  duration  were  superimposed 
on  the  +5  volt  CMD  Line.  The  resultant  spike  was  15  volts 
above  chassis  ground.  No  malfunctions  noted.  Negative  spikes 
not  performed  because  of  danger  to  input  capacitor. 

Spike  Susceptibility,  Power  Line:  Not  performed.  Hughes  qual 
test  data  on  HLTWTA  (by  Genisco)  stated  successful  compliance 
with  spike  test  requirements.  Examination  of  schematic  indi- 
cates that  the  filter  capacitors  could  be  damaged  by  high  level 
spikes,  particularly  negative  spikes.  Analysis  indicates  that 
spikes  should  not  propogate  through  input  filter  inductors. 
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A.  Kraus z 


TRW 

trsrtms  okoup 

INTEROFFICE  CORRESPONDENCE 

cc:  Distribution 


•JAS 

/ 


8231.2-163 

oate:  27  December  1974 


•object:  Effects  on  HLTWTA  Power  Line  Ripple 

by  Variations  in  RF  Loading 


from:  G.  E.  Wllleford 

•loo  M2  mail  *ta.  1161  txr.  63661 


IOC  8231.2-162,  "Review  of  HLTWTA  Ground  Test  History  versus 
On-Station  Loading",  from  G.  E.  Willeford  to  A.  Krausz,  dated 
6 December  1974. 


An  Engineering  evaluation  test  program  was  -performed  on  26  December  1974 
by  777  I&T  and  EMC  Department  personnel  on  the  EC  HLTWTA  to  determine 
the  effects,  if  any,  of  variations  in  RF  traffic  loading  upon  the  inherent 
ripple  and  noise  characteristics  of  the  input  power  and  control  lines. 


Using  various  complex  combinations  of  two  fixed  tuned  carriers,  and  one 
swept  frequency  carrier,  no  detectable  change  in  input  current  or  voltage 
on  either  the  power  lines  or  the  control  line  could  be  observed.  These 
results  indicate  that  the  hypothesis  advanced  by  the  writer  in  the  ref- 
erenced IOC,  and  in  verbal  conversations  with  J.  A.  Durschinger,  et  al, 
does  not  appear  to  have  merit.  Further  expenditures  of  engineering  and 
technical  support  manhours  on  special  test  procedures  along  this  track  is 
therefore  not  warranted.  It  might,  however,  be  advantageous  to  monitor 
the  primary  power  lines  and  some  selected  secondary  power  lines  on  Flights 
5 or  6 during  a normal  Conan  Subsystem  Test,  in  order  to  verify  the  results 
of  the  engineering  tests  with  the  HLTWTA  integrated  into  an  operational 
system. 


G.  E.  Willeford 
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B.  Cooperstein 
J.  A.  Durschinj 
G.  J.  Gleghorn 
D.  J.  Hiner 

C.  Sollo 

J.  A.  Spagon 


APPENDIX  B-4 

IOC  8231.2-162;  REVIEW  OF  HLTWTA  GROUND  TEST 
HISTORY  VS  ON-STATION  LOADING:  6 DEC  1974,  G.E.  WILLEFORD 
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A.  Kraus z 


TRW 

SrtTtMt  M0«p 

INTCROFPICC  CORRE8PONDCNCI 

cct  Distribution 


8231.2-162 

OATS:  6 December  1974 


SUBjCct:  Review  of  HLTWTA  Ground  Test 
History  vs  On-Statlon  Loading 


from:  C.  E.  Hllleford 

■LOO.  M2  •**«-  *TA.  1161  «*T-  63661 


Reference:  IOC  8230-41,  "777  Tasks  (EMI  Study)",  A.  Krausz  to 
Distribution,  dated  12  November  1974 


Pursuant  to  Task  #1  of  the  referenced  IOC,  a review  of  available 
historical  documentation  and  Interviews  with  key  TRW  personnel 
discloses  that  the  777  High  Level  TWT  Amplifier  design  has  been 
subjected  to  an  extensive  ground  test  program  at  unit,  subsystem 
and  satellite  levels.  This  test  program  has  adequately  verified 
that  the  normal  operational  characteristics  of  the  TWTA's  do  comply 
with  all  critical  design  requirements..  However,  there  is  no  his- 
torical evidence  available  to  the  writer  that  indicates  testing  with 
RF  traffic  loading  similar  to  that  experienced  on-orbit  (i.e.,  high 
carrier  density  with  complex  modulation  characteristics) . The  1VTA 
tests  have  normally  been  performed  using  single,  unmodulated  carriers 
to  check  frequency  response,  output  power,  gain,  etc.  Only  during  a 
few  selected  test  sequences  is  a second  carrier  used,  also  unmodulated. 
The  maximum  number  of  carriers  ever  used  at  any  level  of  testing  at 
TRW  appears  to  have  been  four  (4)  during  an  early  test  program  on  the 
engineering  model. 

Thelack  of  multiple  carrier  testing  would  normally  be  justifiable  since: 
(1)  present  testing  methods  do  already  confirm  peak  RP  power  loading 
capabilities;  (2)  testing  with  multiple  carriers  (10  to  30)  would  be 
difficult  and  costly  to  implement;  and  (3)  with  an  unloaded  TWT  adjusted 
for  maximum  gain,  the  resultant  output  noise  spectra  can  be  construed 
to  be  worst-case  carrier  density.  However,  in  light  of  the' recent 
orbital  anomalies  which  may  have  some  relation  to  operational  RE  traffic 
loading,  the  existing  test  philosophy  may  need  to  be  re-evaluated. 
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A test  program  is  now  underway  to  determine  the  effects,  if  any, 
of  plasma  charging  on  the  EC  antenna  and  EC  HLTWTA.  During  the 
course  of  this  test,  the  power  and  control  lines  to  the  TWTA  will 
be  monitored  with  an  oscilloscope  for  any  deviations  in  ripple  or 
noise  voltages  which  can  be  correlated  to  variations  in  carrier 
spacing  or  modulation.  A minimum  of  three  (3)  carriers  will  be  used. 
In  the  event  that  these  observations  do  disclose  that  there  is  a 
relationship  between  carrier  density,  spacing,  or  modulation  and 
variations  in  ripple  or  noise  on  the  power  or  control  lines,  then 
a more  extensive  test  should  be  planned  using  the  qualification  model 
satellite  as  a test  bed, to  determine  if  there  is  any  possibility  of 
RF  loading  exciting  abnormally  high  ripple  or  noise  in  the  HLTWTA- 
PCU-SLA-HLTWTA  loop  via  the  28  VDC  primary  power  system  and  the  +5  VDC 
control  line. 
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APPENDIX  8-5 

REPORT  ON  SPECIAL  TEST  TO  INVESTIGATE 
POSSIBLE  TWTA  FAILURE  MODES  RESULTING 
FROM  LOW  INPUT  COMMAND  VOLTAGE,  31  JAN  1977,  R. 


. ALLEN 


7 February  1977 


j HUSHES  j 

BLEcmat i 

Dynamics 

Division 


In  Reply  Refer  Tos 
EDD  W-06372 


TRW  Inc. 

1 Space  Park 

Redondo  Beach,  CA  90278 

Attention:  T.  G.  Reiten,  M3/2153 

Subject:  HL  TVTA  Special  Tests 

References:  (1)  Subcontract  A19148RPBS 

(2)  HEDD  TWX.  dated  12/20/76 

Gentlemen: 

Enclosed  herewith  are  five  copies  of  the  "Report  on  special  test  to 
investigate  possible  TWTA  failure  inodes  resulting  from  low  input  command 
voltage",  dated  January  31,  1977. 

Please  call  if  you  should  desire  any  additional  discussion  concerning 
this  report. 

Very  truly  yours, 

ELECTRON  DYNAMICS  DIVISION 

Sr.  Contracts  Administrator 
/hjm 

Enclosures 
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I,  Torranca.  California  00800.  Tal  121 3)534-2121.  TWX  010-347-0230 


r r 


Report  on  special  test  to  investigate 
possible  TWTA  failure  modes  resulting 
from  low  input  command  voltage. 


31  January  1977 


Program:  1202HA 

Subcontract  No. : A19148RPBS 


INTRODUCTION 


At  the  request  of  TRW,  a series  of  tests  were  conducted  at  HAC  EDD 
utilizing  the  1202HA  TWTA  Breadboard.  The  HAC  and  TRW  personnel  who 
participated  in  part  or  all  of  the  testing  are  listed  here. 


D.  Cronin  R.  E.  Allen 

C.  Halbirt  R.  Harrington 

V.  W.  Lym 

H.  W.  Smith  (TWT  Dept.) 

J.  E.  Travers 

The  tests  were  accomplished  on  20,  21,  22  December  1976.  The  first 
day  was  used  to  set  up  the  EPC  (electronic  power  conditioner)  bread- 
board, TWT  265HC  S/N  511  and  test  equipment.  The  tests  themselves 
were  run  on  21,  22  December.  TRW  personnel  attended  the  tests  on 
21  December  only. 
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PURPOSE  OF  TESTS 

The  purpose  of  Che  tests  is  to  investigate  the  phenomena  associated 
with  the  failure  mode  typified  by  the  TWTA  turning  itself  off  at  the 
end  of  the  time-out  interval.  Such  a failure  has  been  observed  in 
space.  Three  specific  areas  of  interest  were  investigated  in  the 
tests. 

1.  TWTA  modes  of  operation  as  functions  of  command  voltage, 

_ * 

ECOM»  and  inPut  voltage,  E^. 

2.  Power  dissipation  in  the  switching  transistor,  Q8,  and  its 
base  resistor,  A3R21,  when  the  TWTA  is  in  an  unstable, 
steady-state  mode  of  operation  caused  by  low  Eor.u. 

3.  Transients  that  may  appear  in  the  input  current  (I  ) and 
helix  current  (Iw)  overcurrent  trip  circuit  at  the  time 
high  voltage  comes  on,  which  would  actuate  the  circuit 
and  turn  the  TWTA  off.  The  physical  point  at  which  I 
and  1^  are  summed  and  sampled  for  possible  trip  off  is  the 
capacitor  A3C2,  and  the  characteristics  during  high  voltage 
turn  on  at  this  point  are  of  interest. 
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DESCRIPTION  OF  TESTS 
1.  TWTA  Modes  as  Functions  of  Eqqj^  and  Ejjj. 


This  test  was  run  using  the  EPC  breadboard  and  TWT  265HC  serial 

number  511,  which  were  connected  to  form  a TWTA  of  the  1202HA  type. 

The  effect  of  low  values  of  E^^  on  TWTA  operation  was  investigated 

with  the  aim  of  finding  out  if  the  EPC  and/or  the  TWT  are  damaged  by 

operating  in  this  way.  The  test  was  instrumented  to  record  E , E 

BUS  K 

ef  tlm’  ek  tlm*  xk  tlm  and  *w  tlm  continuously • 

EBUS:  EPC  Interna^-  19V  Regulated  Bus 

E^:  EPC  Output  Cathode  Voltage 

EF  TLM’  Heater  Voltage  Telemetry  Output 
EK  TLM1  Cathode  Voltage  Telemetry  Output 


I„.  ttu:  Cathode  Current  Telemetry  Output 
K lLn 

Iy  TLM:  Helix  Current  Telemetry  Output 


A six  channel  Brush  recorder  was  used  to  monitor  these  parameters.  The 
format  of  the  test  was  to  turn  on  the  TWTA  with  a command  voltage  of 
5 volts  and  reduce  the  value  to  a level  where  the  TWTA  operates  in  a 
nonnormal  mode.  Two  such  modes  were  discovered: 


1.  The  TWTA  assumes  a steady-state  condition  in  which  the 
monitored  parameters  are  different  from  normal. 
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2.  The  TWTA  appears  to  operate  in  the  steady-state  mode 

described  in  1.  above  except  that  eventually  returns  to  a 
nearly  normal  value  resulting  in  an  increase  in  1^  to  the 
point  where  the  EPC  turns  itself  off  (referred  to  as  Iw  trip) . 

A comparison  of  the  normal  parameters  with  nonnormal  Mode  1 and  Mode  2 
parameters  is  given  in  Table  I. 


TABLE  I 

RECORDED  PARAMETERS 


RECORDED  PARAMETERS  (Volts) 

TWTA  Mode 

ebus 

ek 

ef  tlm 

ek  tlm 

XK  TLM 

XW  TLM 

Normal 

19.2 

-3780 

3.9 

EB 

3.7 

m 

Mode  1 

ecom  - 2*3V 

Steady-state 

11  to  15 

-2000  to 

-3300 

0.1 

1.3 

H 

Mode  2 

ecom  ■ 2-3V 
hi  trl* 

11  to  15 

-2000  to 

-3300 

* 

0 

1.3 

* 

*Ep  and  Iy  start  the  same  as  in  the  Mode  1 steady-state  case  but  later 
Ep  rises  to  a value  slightly  less  than  normal  (3.9)  and  rises  several 
seconds  later  to  the  point  that  1^  trip  occurs. 


i 

i 
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Tests  conducted  at  the  beginning  of  the  testing  period  resulted  in  the 
EPC  entering  the  steady-state  mode  1 for  < 26  volts  and  entering 
the  1^  trip  mode  2 for  > 26  volts.  After  several  minutes  of 
testing  the  Iy  trip  mode  2 was  not  achieved  at  all  in  the  range 
23  < Ein  < 33  volts. 

The  threshold  value  of  E is  approximately  2.3  volts.  Tests  run  with 
and  without  RF  signal  applied  to  the  TWT  had  the  same  results.  The 
TWTA  characteristics  observed  in  the  tests  are  illustrated  in  Figure  1. 

2.  Power  Dissipation  in  Q8  and  A3R21 

Although  no  failures  occurred  in  either  EPC  or  TWT  during  the  tests 
described  above,  power  consumption  in  the  switching  transistor,  Q8, 
and  its  base  resistor  A3R21  increased.  The  power  dissipated  in  these 
two  components  was  measured  while  the  TWTA  was  in  the  steady-state 
mode  1.  The  power  in  Q8  was  calculated  from  the  photograph  in  Fig- 
ure 2(a)  and  the  power  in  A3R21  was  measured  using  a DC  voltmeter  with 
the  benefit  of  the  photograph  in  Figure  2(b).  The  values  are: 


8 watts 


PA3R21 


8.6  watts 


The  derated  power  ratings  for  space  applications  for  the  transistor  and 
resistor  are,  respectively,  50  watts  and  1.5  watts.  Because  of  the 
excessive  overstress  in  A3R21  a test  was  run  to  investigate  the  effects 
on  the  resistor  of  operation  at  8.6  watts  in  a vacuum.  The  test  is 
summarized  here. 

Description  of  resistor:  RWR89S15R0FR  Resistor 

(3W,  15fi,  IX,  wire  wound) 


Figure  1 TWTA  modes  of  operation. 


Purpose: 


To  investigate  effects  of  operation  at  over 
rated  power  level  in  vacuum. 


Test  Conditions: 


Description: 


Results: 


Measured  initial  resistance:  14.90ft 
Applied  Voltage:  11.4V  dc 
Applied  Power:  8.7  watts 
Current  (power  supply  meter):  0.75  amps 
Vacuum:  4 x 10  torr 

The  resistor  was  mounted  on  a 1/16"  epoxy  glass, 
copper  clad  board  to  simulate  actual  equipment 
mounting.  After  the  resistor  was  soldered  to 
the  board  a piece  of  63/37  solder  was  wrapped 
around  one  lead  5/32"  from  the  end  of  the  body 
to  see  if  the  temperature  rise  would  be  high 
enough  to  melt  solder. 

Approximately  two  minutes  after  application 
of  power  the  solder  melted.  Current  remained 
stable  indicating  stable  resistance. 

A check  was  made  at  1 hour.  The  current  was 
still  stable. 

The  next  check  was  made  at  sixteen  hours.  The 
current  had  Increased  to  1.4  amps.  The  voltage 
was  down  to  10.8  Volts.  The  power  supply  was 
current  limiting.  The  resistor  was  glowing. 

The  epoxy  board  was  charred. 

Resistance  measured  10.51  ohms  after  the  resistor 
was  removed  from  the  chamber  and  allowed  to  cool 
for  one  hour. 
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The  effects  of  failure  of  A3R21  on  the  TWTA  was  Investigated  by  turning 

the  breadboard  on  repeatedly  each  time  with  a different  value  of  resist- 

p/stt 

ance  in  the  -phase  of  A3R21  covering  the  range  from  zero  to  infinity  and 


observing  TWTA  operation.  The  results  are  shown  in  Table  II. 


TABLE  II 


TWTA  OPERATION  WITH  FAILED  A3R21 


Description 


During  Time-Out 


After  Time-Out 


*A3R21 

(ohms) 


45-100 


Comments 


Normal 

operation 


Normal 

operation 


^BUS 

(Volts) 


100-1000  E bus 

comes  up 
slowly 
(3*4  sec) 


1000-600K  E bus 

comes  up 
slowly 
(* **4  sec) 
high  volt- 
age inhibit 
doesn't 
work. 


Comments 


Normal 

operation 


Low  EBUs 
and  E£ 


High  voltage 
doesn ' t come 
on.  Returns 
to  time-out 
mode. 


4 to  5 -100  to  Tester  stops 

-1200  time-out  to 
protect  TWT 


600K-  00 


Won't  turn 


**Normal 


* Ranges  of  A3R21  are  approximate. 

**A3R21  was  disconnected  after  time-out. 


3. 


Transients  that  May  Cause  Trip  Off  at  the  Time  of  Application  of 
High  Voltage 


and  1^  were  monitored  during  the  application  of  high  voltage  and 
photographs  of  the  waveforms  are  shown  in  Figure  3.  The  amplitude  of 
1^  in  Figure  3(b)  is  larger  than  it  is  in  Figure  3(a)  because  the  TWTA 
was  turned  on  differently  in  each  case.  For  Figure  3(a)  the  turn  on 
was  done  in  a normal  fashion,  but  for  Figure  3(b)  the  TWTA  did  not 
undergo  normal  time-out  but  was  turned  off  for  about  5 seconds  and 
then  restarted  and  high  voltage  applied  immediately  after  restart. 

This  technique  was  used  because  it  facilitated  the  triggering  of  the 
oscilloscope  for  the  sweep  speed  desired  in  Figure  3(b).  The  increase 
in  amplitude  of  lw  probably  results  from  cooling  of  the  cathode  which 
occurs  during  the  brief  shut  off  period.  During  the  application  of 
high  voltage  Iw  has  a maximum  vale  of  28  mA  and  the  final  values  of 
and  1^  are  achieved  in  about  20  milliseconds. 

The  waveform  across  A3C2  was  monitored  along  with  E during  the  appli- 
cation  of  high  voltage  and  a photograph  of  the  waveforms  is  shown  in 
Figure  4.  This  capacitor  is  the  summing  point  for  I and  Iw  trip 
voltages.  The  waveform  is  smooth  and  has  no  transients  that  could 
trip  off  the  TWTA  during  the  application  of  high  voltage.  The  time 
constant  of  the  circuit  which  charges  up  A3C2  is  approximately 
200  milliseconds. 
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(b)  5 msec/div 


Figure  3 ER  and  1^  during  application  of  high  voltage. 


SUMMARY 


The  behavior  of  the  TWTA  with  low  command  voltage  is  typified  by 

nonnormal  operation  during  which  E drops  by  4 to  7 volts,  E drops 

by  400  to  1800  volts,  Ef  drops  to  a range  of  0 to  70%  of  full  voltage, 

and  1^  increases  to  3 or  4 mA.  All  of  these  parameters  change  slightly 

with  time  or  may  show  an  oscillatory  type  of  behavior  but  basically  a 

state  of  equilibrium  exists.  Sometimes  when  E^  > 26  volts,  a state  of 

equilibrium  is  not  achieved  but  after  several  seconds  E„  increases  to 

F 

near  full  value  followed  several  seconds  later  by  an  increase  in  Iy 
until  Iw  trip  occurs. 

Whether  equilibrium  or  1^  trip  occurs  may  be  a function  of  prior  tube 
activity.  If  the  TWT  is  cold  and  the  TWTA  is  turned  on  with 
Ein  > 26  volts,  Iy  trip  will  occur,  and  if  E^  < 26  volts,  equilibrium 
will  occur.  If  the  TWT  is  warm,  having  been  run  for  several  minutes, 
the  equilibrium  condition  may  be  achieved  for  all  allowable  values 
of  E . (23V  < E < 33V) . The  apparent  threshold  voltage  of  E„w  for 
which  these  anomalies  occur  is  approximately  2.3  volts.  Operation  of 
the  TWTA  in  the  nonnormal  steady-state  mode  1 results  in  increased 
power  dissipation  in  the  switching  transistor,  Q8,  and  its  base 
resistor,  A3R21.  The  ratios  of  normal-to-space  derated  power  and 
nonnormal-to-space  derated  power  for  these  components  are: 


Normal 

Nonnormal 

Q8 

1.5  watts 

8 watts 

50  watts 

50  watts 

A3R21 

0.006  watts 

8.6  watts 

1.5  watts 

1.5  watts 
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In  a simulated  space  operation  test  the  overstress  of  A3R21  caused  the 
solder  to  melt  after  2 minutes  of  operation.  After  1 hour  of  operation 
the  resistance  had  not  changed  from  its  nominal  value  of  15  ohms  but 
after  16  hours  of  operation  the  resistance  measured  10.51  ohms  and  the 
resistor  was  glowing.  Breadboard  tests  showed  that  the  TWTA  operates 
normally  when  A3R21  lies  in  the  range  0 to  45  ohms.  When  the  resistance 
exceeds  45  ohms,  GPC  malfunction  occurs  as  evidenced  by  low  or  zero 
values  of  ®nd  E^. 


i 


CONCLUSION 


1.  Neither  the  EPC  nor  the  TWT  is  damaged  by  operation  of  the  TWTA 
with  low  command  voltage.  Prolonged  periods  of  operation  in  the  non- 
normal steady-state  mode  1 did  not  change  the  oeprating  characteristics 
of  the  TWTA  when  it  is  turned  on  in  a normal  manner.  For  example 

Iw  assumes  normal  values  immediately  upon  turn-on  after  several  hours 
of  testing  wherein  nonnormal  modes  are  sustained  for  extended  periods. 

2.  Although  operation  of  the  TWTA  in  the  nonnormal,  steady-state 
mode  1 associated  with  low  command  voltage  does  not  immediately  damage 
the  unit,  the  switching  transistor,  Q8,  and  its  base  resistor,  A3R21, 
experience  significantly  increased  power  dissipation.  Prolonged 
operation  at  the  increased  level  could  cause  a failure  of  A3R21. 

Prolonged  operation  at  the  increased  level  causes  the  resistor  to  glow, 
the  solder  to  melt  and  the  value  of  resistance  to  change.  The  circuit 
board  in  the  vicinity  of  the  overstressed  resistor  also  chars.  It  is 
not  likely  that  the  circuitry  would  continue  to  operate  properly  after 
prolonged  operation  in  this  mode.  Short  periods  of  operation  (not 
exceeding  two  minutes  to  prohibit  possible  melting  of  solder)  in  this 
manner  are  probably  tolerable. 
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APPENDIX  C-l 

IOC  DSCS-DS-I084,  TWTA  MANUFACTURING 
DATA  REVIEW,  5 JULY  1977,  P.  H.  FOWLER 
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INTKROF-Fice  CORRESPONDENCE 


TO: 


H.  Brannlon 


CCt 


SUBJECT: 


TWTA  Manufacturing  Data  Review 


JUL  - 8 '1977 


OFFICE  OF 

W.  BRANNIAN 


OATE:  5 july  1977 

DSCS-D2-1084 


from:  p.  h.  Fowler  ^ 

•LOO  R5  MAIL  ST  A.  1220  EXT.  62787 


Following  are  consolidated  comments  on  manufacturing  packages  of  current  flight 
candidate  amplifiers  reviewed  by  self,  J.  Yurk,  and  D.  Cronin. 

Following  are  the  packages  reviewed: 

14-15 
14-19 
14-20 
14-21 
14-22 
14-23 
14-24 
14-25 
14-26 

Following  are  comments  suggesting  Hughes  or  TRW  action  required  to  establish 
flight  worthiness  of  these  amplifiers: 

6eneral 

There  are  a number  of  questions  arising  from  repetitive  problems  and  from  peculiarities 
noted  which,  while  not  directly  relatable  to  the  actual  failures,  should  be  answered. 

High  Voltage  Drift.  There  are  several  occurrences  of  high  voltage  drift  when 
SCM  and  HVM  are  mated.  The  problem  Is  cured  by  changing  the  Q5  and  Q6  pair 
which  drive  the  high  voltage  transformers.  However,  It  Is  not  clear  that 
end-of-llfe  and  worst-case  conditions  could  not  cause  orbital  problems. 

(h)  Cathode  Activity  Change  at  TWTA  Level.  Almost  all  tubes  show  an  apparent  marked 
Increase  In  cathode  activity  when  mated  to  the  EPC.  In  many  cases,  the 
manufacturing  data  Indicates  that  the  filament  voltage  Is  above  5*6V,  which 
would  partly  account  for  the  effect.  However,  amplifiers  14-24  and  14-25  seem 
| to  show  an  Increase  In  CAT  without  high  Ef.  Tiro  concerns  thus  arise:  Should 

C-2 


24-19 

24-21 

24-22 

24-23 

24-24 

24-25 

24-26 

(24-27  is  not  available  for 
review  as  of  30  June  1977) 


J 
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the  Ef  be  set  high  when  this  is  already  said  to  be  an  exceptionally  hot  cathode; 
does  the  change  in  CAT  indicate  an  undesirable  rise  in  temperature  for  some  othf 
reason? 

(c)  Small  signal  gain  variations  and  anomalies  are  frequent.  Sometimes  the 

amplifier  is  reworked  (window  cleaning,  etc.),  sometimes  a waiver  is  requested. 
This  parameter  seems  to  act  as  a sensitive  indicator  for  problems  in  the  R.F. 
circuitry.  It  appears  to  the  review  team  that  closer  attention  and  more  consisten 
in  diagnosing  s.s.g.  problems  might  be  warranted.  We  request  Hughes  comment. 

Particular:  (No  comment  if  not  listed) 

14-19:  S.C.  Module  Test  Failure:  Q10  emitter  resistor  (lfilW)  was  found  to  be 
burned,  was  replaced.  Module  failed  again,  Q10  was  found  to  be  shorted. 
Problem  was  found  to  be  A1T1  lead  4 was  to  21,  should  be  28.  Concerns  are: 

• • Overstress  analysis  does  not  seem  to  have  been  performed. 

What  about  Tl? 

')  • On  the  face  of  it,  the  mi swire  does  not  seem  to  explain  the  problem. 

'/  H.V.  Module:  Was  operated  mated  to  SCM  with  R4  in  feedback  string  open. 
Concern:  Does  this  cause  H.V.  overstress? 

14-20:  Has  been  reworked  twice  for  gain  variation.  Probably  fixed  by  standard 
connector  rework,  but  shall  be  monitored  for  further  symptoms. 

S.C.  Module:  Apparently  built  with  pinched  wire  at  the  filament  transformer 
drive  Q3  collector.  Concern:  Transformer  overstress  (however,  current  is 
limited  to  350  ma— not  serious  concern). 

14-21:  Note  to  TRW--monitor  CAT  is  stable. 

14-22:  (One  of  the  amplifiers  which  had  the  Q5-Q6  problem.) 

Helix  current  has  abnormal  behavior  during  activity  test  (e.g.,  see  750  HR 
point  in  tube  burn-in).  Concern:  Possibility  this  tube  is  in  some  way 
(e.g.,  focus)  marginal. 

14-23:  Reviewers  could  not  reconcile  final  telemetry  voltages  with  expected 
amplifier  behavior--do  not  know  any  problem,  but  request  Hughes  check. 

R7  was  changed  in  the  S.C.  Module  after  start  of  TWTA  burn-in.  It  appears 
this  should  have  a failure  report  and  analysis  of  why  it  was  reworked  at 


I 
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this  level  of  assembly.  (Failure  report  is  required  for  any  unscheduled 
adjustment  after  first  power  on  the  unit).  Appears  to  need  a Hughes  failure 
report  and  FRB  closeout. 

14-24:  S.C.  Module.  Q6  on  B200363-1 10  board  (JANTX2N2222A)  was  good  at  board 
test  and  E-C  short  at  module  test.  Concern:  Cause?  Overstress? 

14-26:  This  unit  contains  the  S.C.  module  removed  from  24-19  for  the  H.V.  drift 
problem.  The  module  had  substantial  testing  including  thermal  cycling 
attempting  to  diagnose,  eventually  had  Q5/Q6  changed. 

The  tube  (482)  and  H.V.  module  (010)  in  this  amplifier  were  originally 
in  an  amplifier  K-004  which  would  not  turn  on  as  an  amplifier  even  though 
all  the  modules  work.  Concerns:  The  S.C.  module  has  been  overworked, 
and  the  tube  and  HVM  are  suspect  until  K-004  is  explained. 

24-20:  (Another  that  had  Q5/Q6  changed  for  H.V.  drift.) 

24-22:  C6  and  ARI  replaced  "failed  in  test".  Concern:  Cause?  Overstress? 

24-23:  Tube  level  testing  had  "fluctuating  output  power  in  thermal  vac",  see 
ITR  05869.  Concern:  Was  problem  diagnosed? 

24-24:  S.C.  Module:  Module  had  power  applied  and  burned  out  Q10  and  A1  at  or 
about  4-9-76,  6-24-76,  7-19-76.  After  last  incident  A1T1  lead  9 was 
found  to  be  on  22,  should  be  21.  22  is  Q10  base.  Concern:  T1  overstressed? 

H.V.  Module:  Turned  on  at  command  (no  timer)  due  to  open  at  logic  board  te 
terminal  25  in  SCM.  Concern:  Overstress?  High  voltage  overshoot? 
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24-27  TWTA  Manufacturing  Data  Review 
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Subject  package  was  reviewed  to  complete  the  data  packages.  I have  the 
following  comments: 

1.  S.C.  Module  002  was  tried  in  this  unit  and  was  replaced  by  005. 

002  is  the  prototype  "H.V.  drift"  module  which  is  now  in  14-26. 

Presumably  the  replacement  was  for  the  H.V.  drift  problem,  but 
this  is  not  clear  from  the  paper.  Action:  Hughes  confirm. 

2.  S.C.  Module  005  also  failed,  was  found  to  have  Tl-6  and  Tl-7 
reversed.  There  were  copies  of  pages  of  the  engineering  log 
in  the  package,  but  it  was  not  clear  how  they  relate.  Action: 

Hughes  confirm  no  overstress. 

3.  The  unit  was  built  with  tube  529,  and  had  an  amplifier  level  failure  due 
to  the  Helix  current  going  over  the  trip  point  at  temperature  (146°F). 

Per  Walt  Jordan,  this  was  due  to  faulty  focus  and  the  procedure  has  been 
changed  to  raise  the  test  temperatures  at  tube  level.  There  was  no  failure 
report  in  the  package,  which  Hughes  states  Is  because  the  tube  which 
failed  was  replaced  by  527.  However,  since  the  amplifier  had  the  failure 
it  seems  clear  that  the  TFR  should  be  in  the  package.  This  is  another 
example  of  an  apparently  basic  mutual  misunderstanding  of  the  intent  and 
purpose  of  the  reliability  program.  Action:  TRW  ensure  failure  report 

is  in  the  system.  I suggest  777  Reliability  review  the  Hughes  Reliability 
plan  and  correct  it  and/or  ensure  adherence  to  it.  Note  that  Hughes  is 
under  the  impression  that  failure  reporting  is  not  required  on  RTV  items, 
so  the  two  amplifiers  which  failed  in  thermal  vacuum  screening  did  not 
get  TFR's. 
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4.  The  fresh  tube,  527,  has  a peculiarity.  At  each  CAT  there  is  noise 
on  the  helix  current,  varying  in  magnitude  from  test  to  test.  It 
occurs  at  tube  level  test,  but  is  especially  noticeable  at  final 
amplifier  test.  Action;  Hughes  confirm  this  peculiarity  is  not 
indicative  of  any  potential  problem  (e.g.,  loose  magnet). 

5.  A previously  reviewed  package,  14-22,  shows  a helix  trace  which  might 
indicate  marginal  focus.  In  light  of  (3)  above,  should  this  tube  have 
a special  high  temperature  test?  Action:  Hughes  comment. 


Distribution; 

D.  Cronin 

R.  Harrington  (Hughes) 
D.  Kendall 
V.  Vidugiris 
J.  Wrobleskl 
J.  Yurk 
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I.  SUMMARY 


This  report  concludes  the  Parts  Investigation  relating  to  the  failure 
history  of  HAC/EDD  Model  1202HA  TWTA's  initiated  as  the  result  of 
Program  777R  Flight  8 TWTA  failure.  Parts  were  identified  as  critical 
to  suspected  TWTA  failure  modes.  Review  of  test  data,  part  history, 
ratings  and  applications  shows  that  there  is  no  identifiable  part 
problem  relating  to  the  known  primary  failure  modes. 


The  TWT  R.  F.  Connector  requires  specific  Improvement  as  the  result 
of  decreased  R.  F.  output  experienced  during  Thermal  Vacuum  test  on 
TWTA  S/N's  14-24  and  14-25. 


II.  PARTS  INVESTIGATED 


)i 


Results  of  parts  investigated  as  critical  on  HAC/EDD  TWTA  Schematic 
Drawing  B200350-210,  Rev.  B are  summarized  in  Table  I. 


In  addition  to  Table  I,  a survey  was  made  of  known  HAC/EDD  part  failures 
Identified  as  the  result  of  part  level  lot  qualification  tests. 

Although  one  part  (i.e.,  JANTX1N751A)  was  common  to  the  Table  I investi- 
gation, the  discrepancy  was  not  identified  to  suspected  TWTA  circuit 
operation.  (Reference  Attachment  VIII). 


III.  RECOMMENDATIONS 


Rework  TWTA  S/N  14-24  and  14-25  TWT  R.  F.  Connector  to  correct  the  R.  F. 


output  anomaly. 
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777  ANOMOLY  INVESTIGATION 
ACTION  ITEM  RESPONSE 


A/I  06-13-1:  During  testing  of  the  high  voltage  (H/V)  module  (S/N  002), 
it  was  observed  that  input  current  exceeding  that  allowed  in  the  test 
procedure  was  drawn  by  the  module.  The  procedure  allows  2 amps  at 
10  vdc;  the  technician  observed  >2  amps  below  10  vdc  and  terminated  the 
test. 

During  integrated  module  test  involving  H/V  module  S/N  002  and  a semi- 
conductor (S/C)  module,  the  test  was  terminated  through  action  of  the 
trip  circuit  in  the  S/C  module,  indicating  the  input  current  had  ex- 
ceeded that  necessary  to  activate  the  trip  circuit  (approximately  8 
amps). 

The  problem  was  altimately  traced  to  a shorted  IN49&2  diode,  CR  12  on 
the  H/V  module  Telemetry  FWB . This  diode  halfwave  rectifies  the  con- 
verter drive  signal  used  to  develop  the  cathode  high  voltage  and  is  used 
for  cathode  voltage  telemetry.  Unfortunately,  the  diode  itself  was  mis- 
placed after  removal  from  the  Telemetry  FWB  and  no  record  of  reliability 
analysis  can  be  found.  The  symtoms  and  test  conditions  are  well  docu- 
mented; however,  a question  has  been  raised  as  to  whether  the  cathode 
transformer  T2  (3201627-001)  had  been  overstressed  due  to  abnormal 
currents  flowing  when  CR  12  was  shorted. 

Measurements  were  taken  on  the  1202HA  breadboard  simulating  a shorted 
CR  12.  It  was  found  that  5 amps  peak-to-peak  current  flows  in  the  half 
winding  of  the  T2  secondary  connected  to  CR  12  (T2-Pln  9).  One  half  the 
primary  of  T2  (T2-Pln  1 to  Pin  2)  drew  12  amps  peak-to-peak.  These 
measurements  were  taken  using  the  full  EPC  breadboard  which  is  similar  to 
the  Integrated  module  test  setup.  Discussions  with  H.  Ashe  of  HAC/Cul- 
ver  City  concerning  overstress  in  T2  under  the  above  conditions  gave  the 
following  results: 
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1.  The  secondary  of  T2,  Pine  7-8-9,  could  tolerate  5 amps  RMS  for 
8 sec.  before  the  windings  would  fuse. 

2.  The  primary  of  T2,  Pin  1-2-3,  could  tolerate  12  amps  RMS  for  238 
sec.  before  the  windings  would  fuse. 

3.  Since  the  primary  and  secondary  windings  of  T2  were  exposed  to 
12  amps  and  5 amps  peak-to-peak,  respectively,  there  Is  almost  a 

3 to  1 safety  margin  In  current.  Also,  the  trip  circuit  activates 
In  a maximum  of  0.24  sec.  Therefore,  the  conclusion  Is  the  wind- 
ings would  barely  get  warm  let  alone  approach  the  point  of  fusing, 
under  the  condition  of  a shorted  CR  12. 

Under  the  condition  of  the  H/V  module  test,  the  operator  observed  great- 
er than  2 amps,  but  less  than  3 amps,  before  the  input  voltage  reached 
10  vdc,  and  terminated  the  test.  During  normal  test  operation,  the  test 
set  and  the  H/V  module  draw  approximately  4 amps  at  28  vdc.  Therefore, 
during  the  condition  of  CR  12  being  shorted  while  in  the  H/V  module  test 
configuration,  T2  was  not  exposed  to  even  current  normally  applied  dur- 
ing test  and  operation. 

The  conclusion  is  that  T2  was  not  overstressed  during  testing  and  was 
completely  flight  worthy  when  TWTA  14-15  was  delivered  to  TRW. 
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•o»j«ct.777R  Failure  History  Search  of 
Unitrode  JANTX1N4942  Rectifier 
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REFERENCES: 


1) 

2) 


CPER  A-77-247 
IOC  7512.1-602/76 


3) 

4) 


IOC  7512.1-302 
IOC  7512.1-344 


INTRODUCTION:  The  subject  part  is  used  by  subcontractor  Hughes  Aircraft 
In  the  high  voltage  power  supply  of  a TWTA.  Approximately  one  year  ago, 
Hughes  experienced  a loss  of  high  voltage  during  a TWTA  acceptance  test. 

A Unitrode  JANTX1N4942  rectifier  was  replaced,  and  the  high  voltage  returned. 
The  replaced  part  was  not  analyzed,  but  it  was  assumed  to  have  been  shorted. 
The  referenced  CPER  requests  that  a search  be  conducted  of  available  files 
to  see  if  failure  history  exists  for  the  Unitrode  rectifier  that  may  indi- 
cate the  reason  for  the  failure. 


CONCLUSION:  The  search  did  not  produce  evidence  of  Unitrode  diodes  shorting, 
but  did  reveal  a history  of  reverse  leakage  problems  on  two  lots  received  on 
TRW  Purchase  Orders  in  1973  and  1976. 


INVESTIGATION:  A data  search  was  conducted  on  the  family  of  generic  rectifiers 
1N4942,  1N4944  and  1N4946  fabricated  by  Unitrode  which  included  commercial, 
military  and  TRW  specification  1D070  and  1D090.  The  search  covered  the 
following  sources: 

1.  TRW  History  File  for  1D070  and  1D090. 

2.  Component  Analysis  (CA)  files. 

3.  DPA  files. 

4.  GIDEP  alerts. 

5.  Component  Department  Laboratory  (CDL)  Test  Reports. 

6.  Failure  Analysis  Reports  (FAR's). 

7.  Reliability  Action  Requirements  (RAR's). 

8.  Design  Alert  Bulletins  (DAB's). 

9.  Unitrode  History  file. 

10.  Unitrode  telecon  with  their  QA  (6-27-77). 

11.  DESC  telecon  (6-29-77). 
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RESULTS:  Problems  found  during  the  Investigation  are  listed  as  follows: 

1.  P.0.  Number  D95911PA6:  Quantity  - 1195  parts  for  DSSO 
Program;  Part  Number  1D070-002V-210  ( JANTXV1N4944) . 

a)  DPA  Number  6AQU0375  completed  8-6-76.  Two  of  five 
devices  exhibited  voids  at  the  glass/terminal  pins 

Interface. 

The  voids  are  the  result  of  the  glass  collar  not  fusing 
to  the  terminal  pins  in  areas  were  deposits  of  solder 
were  not  removed  prior  to  their  insertion  to  the  glass 
collar  and  fusion  of  it  to  the  silicon  and  to  the  ter- 
minal pins  (PDR#  05736  dated  8-21-76). 

b)  On  5-26-77  DCA  rejected  218  devices  (DC  7607).  Of  these 
190  were  electrical  rejects  due  mainly  to  parts  exceeding 

VF.  IR  and  aIR  drift  limits.  Variables  data  was  not  available. 
50  - rejected  at  1st  electrical 
78  - rejected  after  HTRB  electrical 
88  - rejected  after  delta  computations 
PCWO  41543  requested  tests  be  performed  to  upgrade  parts  to 
1D090-002  (8-13-76). 

c)  IOC  7512.1-602/76  dated  8-24-76  - Subject:  DSSO  Get  Well  Program 
for  1D070-002V-210  diodes  reveals  a total  of  13  IR  rejects  were 
found  of  which  nine,  whose  readings  exceeded  10uA  (maximum  limit 
Is  I.OuA),  exhibited  instability. 

The  lot  of  909  was  accepted  for  systems  use  after  IR  tests, 
stability  screening  by  scope,  and  visual  inspection. 

d)  PDR  0708 6 dated  8-25-76  indicates  940  parts  were  tested  for 
IR  resulting  in  3 rejects.  Largest  IR  readings  was  1460nA. 
Thirty-four  parts  were  rejected  for  internal  visual  anomalies 
(reasons  for  rejections  were  not  available). 
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RESULTS:  Continued 

2.  P.0.  Number  042PX3;  Quantity  - 360  parts  - JANTXV1N4942 
for  B0A-13/KR23  Retrofit  Program. 

a)  Eleven  aIR  failures  and  two  (2)  Vp  failures 
after  130  hour  burn-in.  All  units  were  still 
well  within  the  luA  leakage  limit  (reference 
IOC  7512.1-302  dated  22  June  1973).  Further 
testing,  as  outlined  in  IOC  7512.1-344  resulted 
In  the  following  tabulation  of  failures  and  anomalies: 


Catastrophic  failures 

AIR  failures  stabilized 
within  IpA  limit 

AIR  failures  not  stabilized 
but  within  IpA  limit 

AIR  failures  and  beyond  IpA 
IR  limit 


0 

12 

1 


1 


Vp  failures 

Based  on  accumulated  data  screened  parts  were  accepted 
for  systems. 


G.  E.  Staack 
Component  Engineer 
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ATTACHMENT  IV 


'&  fonorcaoLA 

) tfmmlcon&uctor  Product*  OlvimU 

V J *».0.  SO*  ;0*0«.  *>MQENI  *.  A N I ZONA  A#*'  16 


CUSTOMER  DATA  SUMMARY  SHEET 


TEST  JAr.i:.75JA- 

”1  'ft  '"VS"'  4 i 

4CC=W/I1319  G LA-72  S|ZE 


LOT  SHE:  21,317 
EATS  COEZ:  7351 
yH-S-195CC/l27E 
RELEASEE:  3/9/74 

Group  A 
JA.M_.75CA 

Subgroup  I 
Vis.  & Kech. 


SAMPLE  PLAN 


ACL 


l IPO 


CCZPTANCE  OAT.i 


AiJECTS  I ACC  IP.  REJECT 

1 NO.  NO- 


Subgroup  II 
Electrical  Icsp. 


2 Co  No  Go 


Subgroup  III 
Electrical  Insp. 


2 I Go  No  Go 


JAN1N751A 

Subgroup  I 
Vis.  & Kech. 


Subgroup  II 
Electrical  Ir.sp. 


Go  No  Go 


Subgroup  III 
Electrical  Inso. 


Go  No  Go 


Grour  B 


Subgroup  I 
Fhysical  Dimensions 


Go  No  Go 


a Subgroup  II 
J S oiler ability 
Thermal  Shock 
i,Te=p.  C*yclir.g) 
Therral  Shod 
(Clac3  Strain) 
Therral  Strength 
Tension  (Lead' 
Moist.  Resistance 
End  Points 

Subgroup  III 
Shock 

Vlb. , Var.  Freq. 
Const.  Acceleration 
hid  Points 


Go  No  Go 


2 I Go  No  Co 


IFD  MSI  *1  (*/«> 


QACS0509  MEASUREMENTS  COVER  SHEET  V PAGE 


► 

QACS0505 

MEASUREMENTS  READOUT  DETAIL 

k 

OEVXCE 

- JAN1N751 A 

CONTROL 

• • TS5157 

1 

LOT 

- 072 

READOUT 

• 10 

i 

UNIT 

VZ  2 

IR  1 

ZZT 

00000 i 

5.2203 

V 

83.038 

NA 

2.747200 

0 

► 

000002 

5.1861 

V 

47.247 

NA 

1.3876500 

0 

000003 

4.9530 

V 

657.16 

NA 

9.396500 

0 

000004 

5.1166 

V 

38.153 

NA 

1.1175500 

0 

> 

0CG005 

4.9084 

V 

690.92 

NA 

7.992500 

0 

• 

000006 

5.0555 

V 

113.10 

NA 

2.9815  50 

0 

I 

000007 

5.2142 

V 

34.009 

NA 

1.2097000 

0 

1 

000008 

5.2594 

V 

22.522 

NA 

l. 1010500 

0 

000009 

5.1666 

V 

20.032 

NA 

917.9500 

MO 

000010 

5.1111 

V 

26.636 

NA 

907.9000 

MO 

t 

000011 

5.1922 

V 

10.449 

NA 

1.790150 

0 

fl 

000012 

5.1642 

V 

209.78 

NA 

1.2765500 

0 

1 

000013 

4.9945 

V 

146.42 

NA 

3.227250 

0 

mW 

000014 

5.2728 

V 

12.451 

NA 

960.4000 

MO 

000015 

5.2753 

V 

6.6620 

NA 

2.121900 

0 

000016 

4.9316 

7 

529.60 

NA 

7.696500 

0 

0000  17 

5.1715 

V 

41.925 

NA 

1.6116500 

0 

< 

000018 

5.0995 

V 

65.423 

NA 

1.993100 

0 

000019 

5.1721 

V 

45.270 

NA 

1.731850 

0 

0000  20 

5.2435 

V 

349.79 

NA 

1.1407500 

0 

000021 

5.2386 

V 

37.494 

NA 

1.4511000 

0 

000022 

5.2643 

V 

49.182 

NA 

877.4000 

MO 

000023 

5.1800 

V 

223.75 

NA 

1.2970000 

0 

1 

000024 

5.0555 

V 

132.26 

NA 

2.243050 

0 

r 

000025 

5.1691 

V 

18.793 

NA 

901.5000 

MO 

000026 

5.2692 

V 

78.485 

NA 

777.9000 

MO 

000027 

5.1056 

V 

18.994 

NA 

1.4505000 

0 

000028 

4.9975 

V 

160.58 

MA 

3.616650 

0 

000029 

5.0903 

V 

895.14 

NA 

1.2323500 

0 

J 

000030 

5.2215 

V 

24.054 

NA 

1.0559000 

0 

000031 

4.6968 

V 

389.83 

NA 

5.819500 

0 

000032 

5.0836 

V 

28.473 

NA 

974.7500 

MO 

000033 

4.9292 

V 

515.99 

NA 

7. 5470 CO 

0 

000034 

5.1984 

V 

23.376 

NA 

960.1000 

MO 

000035 

5.2576 

V 

15.375 

NA 

1. C885500 

0 

1 

000036 

5.2142 

V 

20.843 

NA 

1.1075000 

0 

V 

00C037 

4.9164 

V 

533.14 

NA 

7.577500 

0 

000038 

5.2136 

V 

31.232 

NA 

1.1026000 

0 

000039 

4.8932 

V 

633.24 

NA 

8. 169500 

0 

000040 

5.0983 

V 

29.230 

NA 

1.2188500 

0 

000041 

5.1678 

V 

41.571 

NA 

1.1514500 

0 

000042 

5.2093 

V 

14.972 

NA 

853.2500 

MO 

000043 

5.1056 

V 

95.898 

NA 

2 .406300 

0 

000044 

5.2179 

V 

21.789 

NA 

1.0894500 

0 

0000  45 

5.2118 

V 

308.29 

NA 

968.C000 

MC 

000046 

4.9896 

V 

161.13 

NA 

3.197950 

0 

000047 

5.1312 

V 

95.764 

NA 

2.543950 

0 

000048 

4.9615 

V 

203.06 

NA 

3.986500 

0 

000049 

5.1764 

V 

402.28 

NA 

2 .033400 

0 

000050 

5.1800 

V 

13.080 

NA 

1.5072500 

0 

000051 

5.1337 

V 

106.38 

NA 

1.4416500 

0 
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0 AC  SOSOS 


MEASUREMENTS  READOUT  DETAIL 


\ 


\ 


RAGE 


DEVICE  • JAM 1 NTS 1 A 


UNIT 

VZ  2 

OOOOS2 

5.1837 

V 

OOCOS3 

5.2661 

V 

000034 

5.0445 

V 

000055 

5.1330 

V 

0 000  5 6 

5.2167 

V 

0000 57 

5.2423 

V 

oooose 

5.2624 

V 

000059 

5.2496 

V 

0000  60 

5.2435 

V 

000061 

5.1703 

V 

000062 

5.2521 

V 

000063 

5.0824 

V 

0000  64 

5.0342 

V 

0000  65 

5.0922 

V 

000066 

5.1538 

V 

000067 

5.2710 

V 

000068 

5.0049 

V 

000069 

5.0482 

V 

000070 

5.1703 

V 

000071 

5.2124 

V 

0000  72 

5.2301 

V 

000073 

5.2228 

V 

000074 

5.1691 

V 

000075 

5.0506 

V 

000076 

5.0128 

V 

0000  77 

5.0464 

V 

000078 

5.2075 

V 

000079 

5.1935 

V 

000080 

5.1446 

V 

000081 

4.9249 

V 

000082 

5.0555 

V 

000083 

5.1178 

V 

000084 

5.0397 

V 

0000  8 5 

5.1678 

V 

000086 

5.0494 

V 

0000  87 

5.1617 

V 

000088 

5.1581 

V 

00G089 

5.1373 

V 

000090 

5.0506 

V 

000091 

5.2203 

V 

000092 

5.2618 

V 

000093 

5.2032 

V 

000094 

4.8883 

V 

000095 

4.8834 

V 

000096 

5.1691 

V 

000097 

5.0970 

V 

000093 

5.2008 

V 

000099 

5.2167 

V 

000100 

4.8816 

V 

000101 

5.2057 

V 

000102 

5.2545 

V 

CONTROL 

• • TS5157 

LOT 

• 072 

READOUT 

• 10 

IR  1 

ZZT 

8.3001 

NA 

1.973850 

0 

598.08 

NA 

986.6500 

MO 

93.060 

NA 

2.229300 

0 

43.036 

NA 

1.3223000 

0 

127.50 

NA 

1.0196000 

0 

7.4328 

NA 

1.866750 

0 

1.1267 

NA 

1.0061500 

0 

3.1641 

NA 

1.2726000 

0 

10.974 

NA 

1.0733000 

0 

24.481 

NA 

1.0544000 

0 

438.66 

NA 

1.2222500 

0 

221.37 

NA 

2.129600 

0 

103.82 

NA 

2.528050 

0 

61.426 

NA 

1.6388000 

0 

37.988 

NA 

1.2301500 

0 

5.9167 

NA 

921.9500 

MO 

154.85 

NA 

3.437200 

0 

119.63 

NA 

3.278800 

0 

996.46 

NA 

1.1960000 

0 

24.188 

NA 

1.0138000 

0 

11.737 

NA 

1. 13860C0 

0 

23.566 

NA 

1.0125500 

0 

146.67 

NA 

1.4422500 

0 

106.14 

NA 

2.940650 

0 

126.16 

NA 

2.905250 

0 

92.413 

NA 

2.488700 

0 

17.279 

NA 

1.0052500 

0 

28.168 

NA 

1.0235500 

0 

57.599 

NA 

2.141400 

0 

504.82 

NA 

7.370000 

0 

97.699 

NA 

2.640700 

0 

62.915 

NA 

1.764850 

0 

119.81 

NA 

3.183300 

0 

31.293 

NA 

1.14625C0 

0 

93.750 

NA 

2.367850 

0 

162.35 

NA 

1.2433000 

0 

46.161 

NA 

1.726350 

0 

40.326 

NA 

1.2420500 

0 

101.50 

NA 

2.713300 

0 

152.77 

NA 

1. 1276OC0 

0 

282.90 

NA 

915.8500 

MO 

244.81 

NA 

2.279950 

0 

435.91 

NA 

5.923500 

0 

718.75 

NA 

8.120500 

0 

29.767 

NA 

1.0898000 

0 

56.488 

NA 

1.801750 

0 

29.779 

NA 

1.2283500 

0 

22.162 

NA 

899.0500 

MO 

493.83 

NA 

6.332500 

0 

29.181 

NA 

1.1929500 

0 

9.796 

NA 

830.7000 

MO 

QACS0305  MEASUREMENTS  READOUT  DETAIL  FACE 


| DEVICE 

• JAN1N751 A 

CONTROL 

• » TS5157 

LOT 

■ 072 

REAOOUT 

• 10 

UNIT 

V2  2 

IR  1 

ZZT 

000103 

5.1532 

V 

23.053  NA 

810.2500 

MO 

000104 

5.2423 

V 

26.251  NA 

1.1923000 

0 

0001 OS 

5.2508 

V 

365.84  NA 

1.0165500 

0 

000106 

5.2161 

V 

29.303  NA 

1.4035000 

0 

000107 

4.9621 

V 

193.24  NA 

3.833900 

0 

. 000108 

5.1446 

V 

34.698  NA 

1.1133000 

0 

000109 

5.1752 

V 

20.526  NA 

5.984500 

0 

000110 

5.1916 

V 

9.1815  NA 

1.5231500 

0 

t 


4 


*<K 
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0ACS0505 

1 

MEASUREMENTS  READOUT  DETAIL  RAGE 

f DEVICE  • 

JAN 1N751A 

CONTROL 

• ■ TS5157  ' | 

j 

LOT 

■ 072 

.READOUT 

• 15  

UNIT 

VZ  2 

IR  l 

2 IT 

000111 

5.085 

V 

33.  NA 

1.10000  0 

000112 

5.164 

V 

16.  NA 

1.35000  0 

) 000113 

.5.116 

V 

35.  NA 

1.45000  0 

000114 

5.094 

V 

60.  NA 

1.5000  0 

000115 

5.124 

V 

26.  NA 

900.00  MO 

000116 

. _5. 144 

V 

73.  NA 

2.35000  0 

000117 

5.251 

V 

14.  NA 

1.55000  0 

000118 

5.173 

V 

51.  NA 

1.25000  0 

000119 

— 5.239 

V . 

. _ , _ 17.  NA 

l .osonn  r 

00C120 

4.909 

V 

630.  NA 

7.40000  0 

000121 

5. 100 

V 

77.  NA 

2.05000  0 

| _ . 000122 

.5.136 

V 

.....  _.  32.  NA 

1.70000  0 - 

000123 

5.187 

V 

13.  NA 

1.35000  0 

000124 

5.257 

V 

23.  NA 

1.05000  0 

000125 

5.251 

V 

. . . 19.  NA 

1.0000  o 

000126 

5.091 

V 

72.  NA 

1.85000  0 

000127 

5.032 

V 

130.  NA 

2.5000  0 

000129 

4.986 

V „ 

...  61.  NA 

1.70000  0 

000129 

5.195 

V 

54.  NA 

1.5000  0 

000130 

5.093 

V 

82.  NA 

2.5000  0 

000131 

5.199 

V 

_ 18.  NA  . 

800.00  MO 

000132 

5.161 

V 

29.  NA 

1.05000  0 

000133 

5.282 

V 

4.  NA 

1.5000  0 

.000134 

4.876 

V 

....  740.  NA 

7.60000  0 

000135 

5.236 

V 

31.  NA 

1.40000  0 

000136 

5.161 

V 

970.  NA 

1.35000  0 

000137 

5.163 

V 

28.  NA 

_ 800.00  MO 

000138 

4.908 

V 

650.  NA 

6.65000  0 

000139 

5.175 

V 

41.  NA 

1.55000  ◦ 

. . 000140 

- 5.154 

V - 

- 107.  NA 

3.25000  0 

000141 

5.235 

V 

8.  NA 

1.5000  0 

000142 

5.169 

V 

18.  NA 

1.15000  0 

000143 

5.242 

V 

7.  NA 

1.25000  0 . . .. 

000144 

5.131 

V 

620.  NA 

2.35000  0 

000145R 

5.149 

V 

15.  UA9 

1.55000  0 

000146 

4,894 

V 

— 410.  NA 

3.65000  0 - . 

000147 

5.151 

V 

39.  NA 

1.25000  0 

000149 

5.025 

V 

72.  NA 

1.60000  0 

* 000149 

5.242 

V . 

. 31*.  NA ..  . 

1.15000  0. 

0001 50R 

4.209 

V* 

150.  UA* 

25.65000  0* 

000151 

5.212 

V 

11.  NA 

550.00  HO 

000152 

5.113 

V 

1.07  UA 

2.70000  0 — 

000153 

5.200 

V 

8.  NA 

1.20000  0 

000154 

5.228 

V 

41.  NA 

1.35000  0 

. 000155  . . 

5.235 

V 

50.  NA 

1.0000  0 

000156 

5.186 

V 

41.  NA 

1.30000  0 

000157 

5.031 

V 

6.5  UA 

2.90000  0 

000158 

_ 5.232 

V 

■ — - 26.  N A ...  . 

...  1.20000  a 

000159 

5.196 

V 

34.  NA 

900.00  MO 

000160 

4.875 

V 

450.  NA 

5.60000  0 
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MEASUREMENTS  READOUT  DETAIL 


OEVICE  . 

■ JAN1N731A 

CONTROL  • 
LOT 

* TS5157 

• 072 

UNIT 

VZ  2 

REAOUUT 

XR  1 

• 13 

ZZT 

" 

000161 

5.175 

V 

72.  NA 

1.15000 

0 

000162 

5.251 

V 

19.  NA 

900.00 

MO 

000163 

. _ 5. 162 

V 

35.  NA 

1.25000 

0 

000164 

5.078 

V 

111.  NA 

1.90000 

c 

000165 

5.139 

V 

57.  NA 

1.95000 

0 

000166 

__ 5.098 

V 

18.  NA 

850.00 

MO 

000167 

5.120 

V 

59.  NA 

1.55000 

0 

000168 

5.207 

V 

48.  NA 

1.60000 

0 

000169 

5.171 

V 

30.  NA 

. 800.00 

MO 

000170 

* 5.061 

V 

54.  NA 

1.45000 

0 

000171 

4.985 

V 

430.  NA 

3.65000 

0 

1 000172 

3.133 

V ...  . 

- 610.  NA 

2.45000 

0 

000173 

5.051 

V 

160.  NA 

2.45000 

0 

000174 

4.861 

V 

950.  NA 

89.0000 

uo 

000175 

5.237 

V 

11.  NA 

850.00 

MO 

000176 

4.999 

V 

103.  NA 

1.70000 

0 

000177 

5.163 

V 

41.  NA 

1.05000 

0 

000178 

. 3.129 

V 

26.  NA 

850.00 

MO 

000179 

5.185 

V 

520.  NA 

2.05000 

0 

000180 

5.207 

V 

32.  NA 

1.30000 

0 

000181 

4.876 

V .. 

. .290.  NA 

7.75000 

0 

000182 

3.112 

V 

30.  NA 

850.00 

MO 

000183 

5.155 

V 

51.  NA 

1.85000 

0 

(_  ...  000184 

3.217 

V 

_ 13.  NA 

1.25000 

0 

000185 

5.244 

V 

24.  NA 

1.25000 

0 

000186 

4.888 

V 

420.  NA 

5.75000 

0 

LOT  • 072 

REAOCUT  • 13 
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000145  000150 


- ATTACHMENT  V 

i * 

k • 

777  ANOMALY  INVESTIGATION 
ACTION  ITEM  RESPONSE 

• ] 

A/I  06-06-3  A separate  T-V  test  o£  individual  1202HA  magnetic  components 
la  not  necessary  for  the  following  reasons: 

1.  The  high  voltage  magnetics  were  designed  to  operate  in  an 
encapsulated  module  (i.e.  the  high  voltage  module).  There- 
fore, the  individual  magnetics  would  need  to  be  encapsulated 
for  an  accurate  simulation,  and  heating  characteristics,  as 
well  as  correct  insulation  spacings  would  be  difficult  to 
simulate  within  the  potted  block.  Since  four  TWTA's  are 
being  tested  in  T-V  for  an  extended  time,  this  is  a much 
better  test. 

1.  The  majority  of  analyzed  failures  involving  high  voltage 
sMgnetics  has  been  due  to  cleavage  cracks  or  separation  of 
exterior  potting  from  the  magnetic  component  and  not  internal 
failures  of  the  component  itself. 

3.  A detailed  review  of  the  design  and  manufacturing  processes 

of  the  1202HA  magnetics  was  made  by  TRW  and  Aerospace  personnel, 
and  sufficient  confidence  was  gained  to  relegate  a magnetic 
component  failure  to  a low  probability  failure  mode. 

A/I  06-09-1  As  a part  of  the  original  777  1202H  EPC  design,  a thermal  analysis 

v 

was  performed  in  1970  and  reported  in  the  EDO  document  provided 
TRW.  In  Table  4 of  the  report  a unit  temperature  summary  is  shown 
which  indicates  an  expected  rise  in  temperature  from  the  TWTA  chassis 
to  the  TOT  collector  of  approximately  30°F.  This  temperature  gradient 
la  considered  valid  for  the  current  1202HA  configuration. 

Using  the  TWTA  chassis  worst  case  temperature  profile  furnished 
by  TRW,  the  temperature  in  the  area  of  the  collector  is  shown  to 
ba  167°F.  This  puts  the  collector  and  associated  potting  material 
at  Just  under  200°F.  Short  term  testing  at  EDD,  which  exposed  the 
collector  potting  and  conformal  coat  compounds  to  higi  temperature! 
has  shown  that  no  damage  or  degradation  takes  place  below  250°F. 
Therefore,  it  is  certain  that  normal  operating  conditions  are  well 
below  (>70°F)  the  upper  limits  of  the  TOT  collector  potting  materials,  j 
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A/I  06-03-1  EDD  can  express  no  concern  regarding  the  effect  the  number  of 
on-off  cycles  during  the  special  TWTA  T-V  test  may  have  on 
reducing  the  longevity  of  the  units  undergoing  the  test.  This 
position  is  based  on  knowledge  of  the  temperature  characteristics 
of  each  component  and  material^ including  the  stress  limitations} 
arrived  at  by  either  testing  or  manufacturer's  recommendations. 
Although  no  short  term  on-off  cycling  combined  with  temperature 
cycling  test  data  exists  on  IWTA's  which  are  similar  in  number 
to  those  specified  in  the  TWTA  Special  Test  Plan,  there  is  some 
operational  data  which  supports  the  contention  that  approximately 
120  on-off  cycles  over  the  ATP  temperature  range  will  not  degrade 
the  performance  or  life  of  the  units. 

I 

1190H  TWTA  Program:  >20,000  on-off  cycles 

777  Life  Test  Program:  >200  on-off  cycles  per  unit 

TAXSAT  Program:  >240  on-off  cycles  per  unit  in  space 

A/I  06-10-1  A test  was  performed  on  the  1202HA  breadboard  at  EDD.  Helix 

current  and  the  trip  voltage  (voltage  at  junction  of  C2  and  VR2 
of  the  trip  circuit)  were  monitored  during  removal  of  the  "ON" 
command  following  normal,  stable  operation  of  the  EPC/TWT.  At 
turn-off,  no  increase  in  helix  current  sufficient  to  initiate 
trip  was  observed,  and  the  voltage  at  C2/VR2  was  seen  to  decay 
immediately  with  no  transient  increase.  The  turn-off  was  re- 
peated several  times  with  the  same  results.  It  can  be  stated 
with  certainty  that  removal  of  the  ON  command  does  not  initiate 
the  trip  circuit  due  to  a helix  overcurrent  transient. 
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SUB  J t 

HL 

TWTA' 

S 14 

-24  A 14-25 

REF: 

(!) 

SUBCONTRACT  A19148RPBS 

(2) 

TRW 

TWX , 

DSCS-B1A-608, 

7/7/77 

<3) 

TRW 

TWX, 

DSCS-B1A-610, 

7/11/77 

(4) 

TRW 

TWX, 

DSCS-B1A-621, 

7/14/77 

REGARDING  DISPOSITION  AND  REWORK  OF  1202HA  S/N  14-24  AND  14-25: 

EVALUATION  TESTING  OF  14-24  HAS  CONFIRMED  THAT  RF  POWER  OUTPUT  WILL 
DROP  AND  IS  DEPENDENT  ON  BOTH  TEMPERATURE  AND  MECHANICAL  PRESSURE 
ON  THE  TWT  INPUT  CONNECTOR.  THIS  IS  INDICATIVE  OF  A DAMAGED  OR  IN- 
CORRECTLY SEATED  CENTER  PIN  IN  THE  CONNECTOR.  EDD  RECOMMENDS  THE 
FOLLOWING: 

S/N  14-24 


1.  RETURN  TWT  A TO  TWT  DEPT.  FOR  STANDARD  REWORK  OF  INPUT  CONNECTOR. 
THIS  CONSISTS  OF  REMOVING  THE  CONNECTOR,  REPLACING  THE  CENTER  PIN, 

AND  REINSTALLING  CONNECTOR.  APPROPRIATE  TRW  AND  AFPRO  INSPECTION  WILL 
BE  INCLUDED. 

2.  RETURN  UNIT  TO  TWT  A TEST  AREA  AND  VERIFY  REWORK  BY  PERFORMING 
TEST  ON  THERMAL  PLATE. 

3.  IF  REWORK  CORRECTS  ANOMOLY,  PERFORM  BASELINE  TEST  PRIOR  TO 
INSTALLATION  OF  IW  TRIP  OVERRIDE  MOD. 

4.  PERFORM  REWORK  AND  RETEST  PER  TRW  TWX’S  DATED  7/7/77  AND  7/11/77. 


ATTACHMENT  VII 


MESSAGE  TO  REACH  DESTINATION 
(CHECK  ONE) 


MESSAGE  ORIGINATOR 


a TODAY 
□ OVERNIGHT 


MAIL  ST  A. 


LATEST  TIME  MESSAGE  MAY  REACH  DESTINATION 


AM.  P.M. 


SOURCE  CODE  AUTHORIZED  BY 


A.  M.  ORTA 


96  29  10  7/29/77 


IMPORTANT:  DO  NOT  USE  MORE  THAN  65  CHARACTERS  OR  SPACES  PER  LINE 


PLEASE  TRANSMIT  THE  FOLLOWING: 


TO:  TRW 

REDONDO  BEACH,  CA. 

ATTN:  DON  EDWARDS  M3/2153 

SUBJECT:*  rework,  HL  14-24  AND  14-25 


REFERENCE:  SUBCONTRACT  A19148RPBS 


REGARDING  REWORK  OF  14-24  AND  14-25  TO  RESOLVE  THE  PROBLEM  OF  SAG  IN 
THE  RF  OUTPUT,  THE  DISPOSITION  THUS  FAR  IS  TO  REMOVE  THE  TWT  INPUT 
CONNECTOR  AND  REWORK  OR  REPLACE  THE  CENTER  PIN.  DURING  THIS  OPERATION 
IT  WAS  NOTICED  THAT  TWO  ADDITIONAL  NON-CONFORMANCES  EXISTED  IN  TWT  515 
(14-25)  AND  A SINGLE  NON-CONFORMANCE  IN  TWT  504  (14-24). 


RESERVED  FOR 
COMMUNICATION  CENTER 


SeJecdi) 


— A" " 


TWT  515  EXHIBITED  AN  ECCENTRICITY  OF  THE  INPUT  MATCH  PIPE  WITHIN  THE 
CONNECTOR  SUPPORT  STRUCTURE.  THIS  CAUSES  A MISALIGNMENT  BETWEEN  THE 
MATCHPIPE  CENTER  PIN  AND  THE  CONNECTOR  CENTER  RECEPTACLE.  THE  PROPOSED 
REWORK  IS  TO  ELONGATE  THE  MOUNTING  HOLES  IN  THE  CONNECTOR  SO  AS  TO 
ELIMINATE  THE  MISALIGNMENT. 


THE  SECOND  CONDITION  INVOLVES  AN  ABNORMALLY  LARGE  BRAZE  FILLET  AT  THE 
BASE  OF  THE  MATCH  PIPE  CENTER  PIN  WHICH  INTERFERES  WITH  THE  CONNECTOR 
CENTER  RECEPTACLE  AND  CAUSES  SPLAYING  OF  THE  RECEPTACLE.  THE  PROPOSED 
REWORK  IS  TO  SHIM  THE  CONNECTOR  SO  AS  TO  RAISE  THE  CONNECTOR  RECEPTACLE 
ABOVE  THE  MM. 


TWT  504  EXHIBITED  THE  SAME  ECCENTRICITY  OF  THE  INPUT  MATCHPIPE  AS  DID 
TWT  515,  AND  THE  REWORK  DISPOSITION  WILL  BE  THE  SAME. 

TRW  CONCURRENCE  WITH  THIS  REWORK  IS  REQUESTED.  A COMPLETE  FAILURE 
ANALYSIS  REPORT  WILL  BE  SUBMITTED. 


3S6A  CS  NOV  69  (LONG  FORM) 


TRW 


▼©« 


C.  B.  Irwin 


y 
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INTEROFFICE  CORRESPONDENCE 


See  below 


OATC: 


ATTAO#OT  VIII 

DSCS-D3-1692 
26  May  1977 


•o.jecT=  Reyiew  of  Available  Part  History 
Anomalies  for  HAC/EDD  TWTA  F7-F12 


fnom,  m.  S.  G1  azer 

■LOO.  MAIL  ST  A.  tXT. 


M3 


2455 


63390 


In  answer  to  your  request  for  a review  of  part  qualification  test 
failures,  and  related  anomalies  the  attached  summary  is  presented 
herewith.  This  information  was  summarized  from  HAC/EDO  correspondence 
during  the  F7  - F12  build. 


Vw  J AA . 

M.  S.  Glazer 

MSG: pi  a 
Attachment 
cc : A.  Adams 
R.  Doyle 
J.  Durschinger 

C.  Halbirt 

D.  Fleming 
P.  Fowler 

J.  Nisenbaum 
R.  Perrin 
T.  Re 1 ten 
J.  Wrobleski 
Data  Center  M3/2923 


MAY  26  1977 
8 W1V//V 
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PART  PART  TYPE  OF 

TYPE NO. FAILURE CAUSE RESOLUTION 

Capacitor  (wet  B202114-004  During  Qual  Test  noted  1.1  Unknown;  all  parts  Vibration  test  on  all  flight  parts 

slug)  Tantalum  -002  Microamp  leakage  after  passed' leakage  current  do  not  use  In  19V  supply 

-003  temp,  cycle,  spec,  is  1.0  after  2000  life  test 
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LDC  7609  bridges  had  leakage  completed  engineering  judgement;  no 

(Unitrode)  current  in  excess  of  2.0  response  to  justification 

JANTX1N4946  micro  amp*read  2.7  and  3.5  request 

micro  amp. 
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TEST  PLANS,  PROCEDURES  AND  REPORTS 


APPENDIX  D-l 

1202  HATWTA  SPECIAL  TEST  PUN 
DSCS-II  REPLENISHMENT  PROGRAM,  6 JUNE  1977 
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1202HA  TWTA  SPECIAL  TEST  PLAN 


DSCS-II  Replenishment  Progr, 
TRW  Pert  No.  C310542-X 


PREPARED  BY 


J.  Y.  Haupt,  Head  ' 
Quality  Test  Engineering 


APPROVED  BY 


R.  Har ring tor#  Jr 
PrograouManager 


D.  (T.  LawrAffce,  Manager  * 

Microwave  Subsystems  Department 


REVISION 


APPROVED 


DESCRIPTION 


DATE 


ENGRI  mfg 


Revised  per  Customer  request 


1.0 


SCOPE 


r 


4 


This  document  describes  the  facilities  used  and  tests  to  be  performed  on 
four  (4)  DSCS  HR  1202HA  High  Level  Traveling  Wave  Tube  Amplifiers  (TWTA1 s) . 

2.0  RESPONSIBILITY 

The  777  Program  Manager  or  his  designee  is  responsible  for  the  control  and 
direction  of  the  test  program  outlined  herein. 

2.1  Quality  Test  Engineering  is  responsible  for  surveillance  and/or. 
performance  of  the  testing. 

3.0  TEST  CONDITIONS 

Refer  to  Figures  1,  2,  and  3 for  test  and  facilities  configuration. 

a.  Input  Voltage  32  + .5  Vdc  1 

b.  R.  F.  output  power  = 1 watt 

c.  Frequency  (single  point)  7450  MHz 

d.  Temperature  (Note  1)  60  to  146.  + 5°F 

e.  Vacuum  = 5 x 10  ^ Torr 

f.  Test  duration  4 weeks 

Note  1:  Temperature  to  be  continually  cycled  from  60  to  146°F  with 

approximately  a two(2)  hour  dwell  period  at  each  temperature. 

The  temperature  profile  as  estimated  will  provide  four  (4)  complete 
cycles  per  24  hour  period. 

4.0  DATA  RECORDING 

During  the  test  program,  the  following  parameters  will  be  continually  recorded: 

( 

a.  R.  F.  Power  Output  ' 

b.  Telemetry  Voltages:  Ik,  Ek,  Iw,  Ef,  Iin 

c.  Temperature 

4.1  A log  book  will  be  maintained  for  each  TWTA  under  test  and  as  a minimum 
contain  the  following: 

a.  TWTA  Serial  Number 

b.  Daily  telemetry  readings  during  the  normal  work  week 

c.  Dally  temperature  and  pressure  readings  during  a normal  work  week 

d.  TWTA  hours  of  operation 

e.  Malfunctions  of  test  or  environmental  equipment 


4.0  DATA  RECORDING  (Cont.) 


4.1  (Cont.) 

£.  Observations  and/or  events  pertinent  to  the  test  program 
g.  Stamp  or  signature  of  individual  performing  the  daily  test 

4.2  Each  unit  will  be  cycled  off  and  back  on  again  once  per  day  of  each  normal 
work  day.  The  procedure  is  as  follows: 

a.  With  temperature  sensor  in  center  of  units  reading  80  ± 10°F,  switch 
temperature  control  to  "local", 

b.  Shut  all  four  units  off  and  leave  off  for  15  minutes. 

c.  After  15  minutes,  turn  on  first  unit  with  following  sequence: 

(1)  At  turn  "on"  command;  recorder  speed  at  5 mm/min. 

(2)  Shortly  before  (3-5  secs)  prior  to  "H.V.  ON"  switch  recorder  to 
125  mm/sec. 


(3)  "Immediately"  after  (2-3  secs)  "H.V.  ON"  switch  recorder  to  125 
mm/min. 

(4)  Run  at  125  mm/min  for  2 minutes. 

(5)  Reduce  speed  to  5 mm/min  and  leave  on. 


d.  Repeat  the  sequence  of  Step  c for  each  of  the  remaining  units. 

e.  Annotate  each  recording  with  unit  no.,  channel  I.D.,  date,  speed 
changes,  and  operators  initials/stamp. 


5.0  FAILURE/EVENT  REPORTING 


Failures  or  unexplained  events  to  either  the  units  under  test  or  the  test 
equipment  shall  be  reported  to  the  777  Program  Manager  or  his  designee 
immediately. 


6.0  SAFETY  PROVISIONS 


The  DC  input  power  supply  is  connected  to  a fail  safe  interlock  which  will 
remove  DC  input  power  from  the  units  in  the  event  of  any  one  of  the  following 
conditions: 

a.  Temperature  set  point  exceeded  by  15°F 

b.  Loss  of  plant  prime  power  in  excess  of  one  (1)  second 

< -3 

c.  Loss  of  vacuum  to  = 10  Torr 


Each  of  the  above  conditions  will  also  remove  power  from  the  heat  exchanger; 
all  conditions  require  a manual  reset  to  restore  normal  operating  conditions. 
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TO  THERMOCOUPLE  location 


TV-1  INTERFACE.  PLATE  - Y202  MECHANICAL 

FA6URE  I 
D-5 


LAYOUT 
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RF  and 


Interlocked 
AC  Power 


AC  Power  Rustek 
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DSCS-II  REPLENISHMENT  PROGRAM  HIGH  LEVEL  AND 
LOW  LEVEL  TWTA  TEST  PLAN,  TP  777  REV.  A,  AUGUST  1975 
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HUGHES  AIRCRAFT  COMPANY 
ELECTRON  DYNAMICS  DIVISION 
3100  WEST  LOMITA  BOULEVARD 
TORRANCE,  CALIFORNIA  90509 
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TEST  PLAN 
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REVISION  A 

August  1975 


Prepared  by 


R.  Harrington/  Jr 
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FOREWORD 


This  Test  Plan  Is  supplementary  to  the  Program  Plan 
(Paragraph  I)  as  required  by  the  Statement  of  Work, 
DSCS-B1A-008.  The  plan  covers  testing  of  all  deliver- 
able flight  units. 
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l.l 


1.1  : 

1.1.1 


1.1.2 


1.1.3 


SCOPE 


The  flight  model  1200HA  TWTA,  HAC/EDD  pert  number  B200300-131/132, 
will  be  tested  In  accordance  with  EDD  Acceptance  Test  Procedure, 
ATP  B200300-400,  Revision  L,  dated  January  25,  1971,  to  Insure 
compliance  with  TRW  specification  EC-EQ4-663D,  Part  1,  dated  Decem- 
ber 1974. 


TEST  PLAN 


Prior  to  integration  with  a TWT,  each  electronic  power  condition- 
ing (EPC)  unit  will  be  temperature  cycled  as  follows:  .. 


(a) 

(b) 
(O 
(d) 


Ambient  to  +40°F'fot  one  hour. 


One  hour  transition  to  +130  F. 


+130°F  for  one  hour. 


One  hour  transition  to  +40  F. 


This  cycle  will  be  accomplished  eight  times.  The  unit  will  be 
operating  at  all  times  with  output  and  telemetry  voltages  measured 
on  the  first  and  eighth  cycles. 


Prior  to  bum- in  as  described  in  Paragraph  1.1.4  be  Low,  each  TWT 
will  be  exposed  to  a two  cycle  thermal  shock  test  and  a vibration 
test.  This  test  is  to  manufacturing  test  levels  as  follows: 


Jhl3 
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The  1200HA  TWTA  will  be  tested  to  meet  the  acceptance  test  matrix 
from  TRW  specification  EC-EQ4-663C,  Part  II,  shown  in  Table  1.  The 
testing  method  and  procedure  will  be  delineated  by  HAC/EDD  test 
specification  ATP  B200300-400,  Revision  L,  as  further  revised  in 
accordance  with  the  Statement  of  Work. 
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TABLE  l.  ACCEPTANCE  *EST  MATRIX -LOW  LEVEL  WTA 


co  | ro  I co  CO 


• 

• 

• 

• 

co 

CO 

CO  I 

CO 

PQ  o 

< M 


cm 

g S 

2 2 


5 S 


TEST 


FUNCTIONAL* 


VIBRATION 


FUN  CAT IONAL** 


THERMAL  VACUUM 


FUNCTIONAL 


♦FUNCTIONAL  TESTS  MAY  BE  MADE  IN  ANY  SEQUENCE. 

♦♦THIS  MAY  BE  DONE  WITH  THE  UNIT  IN  THE  VACUUM  CHAMBER 


PRIOR  TO  THE  THERMAL  VACUUM  TEST. 


• * 
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Vibration  5g  maximum,  sine  for  approximately  2 

i 

minutes  each  axis. 

Temperature  Cycle:  -50°  F to  +170°F  for  30  minutes  at  each 

limit.  (Sec  EDD  DIP  19-31-19.) 


Following  2,168  hours  of  burn-in  but  prior  to  integration  with 
an  EPC  unit,  each  TWT  will  be  exposed  to  a thermal  vacuum  test 
and  a vibration  test.  This  test  is  to  acceptance  test  levels 
as  follows: 

Vibration:  9.8  gems,  maximum  random  for  30  seconds 

each  axis. 

Thermal  Vacuum:  +40°F  to  +135°F  for  30  minutes  at  each 

limit.  ^1  x 10"5  torr 


1.1.4  • Prior  to  acceptance  testing,  each  TWT  and  EPC  unit  will  be 

separately  operated  for  2,168  hours  and  168  hours,  respectively 
(burn-in),  at  +125°F  + 15°F  and  ambient  pressure.  Following 
integration  of  the  TWT  and  EPC,  followed  by  a limited  functional 
test  of  the  combined  unit,  each  TWTA  will  be  operated  for.. 332 
hours  (burn-in)  at  +125°F  + 15°F  and  ambient  pressure. 


1.1.5  Acceptance  testing  of  each  TWTA  begins  with  a functional  test 

followed  by  a random  vibration  test  composed  of  a one  minute 

test  in  each  of  three  orthogonal  axes  to  a maximum  level  of 
2 

.0625  g /H^  flnd  overall  level  of  9.8  grms.  The  spectrum  shape 
is  described  in  Table  2. 


V 


ft 

£ • ' 

•k  ' ► 


»*:V 

* 


i 


W-OOJ/2 


TABLE  2.  RANDOM  VTBR.MION  ACCEPTANCE  LEVELS 


2 

MAXIMUM  LEVEI. 0625  G /Hz 

DURATION  60  SECONDS  EACH  AXIS 

OVERALL  9.8  GRMS 


GENERAL: 

20  - 300  Hz  INCREASING  3 dB/OCTAVE 
300  - 1200  Hz  FLAT  (.0625  G?/Hz) 

1200  - 2000  Hz  DECREASING  6 dB/OCTAVE 

UNIT  VIBRATION  TO  BE  PERFORMED  FOR  60  SECONDS  IN  EACH  OF  THREE 
MUTUALLY  PERPENDICULAR  AXES. 

\ 


W-06372  « 

\ 

Vibration  testing  is  followed  by  another  functional  test.  Thermal* 
vacuum  testing  will  then  be  performed  on  each  TWTA.  The  chamber 
pressure  will  be  less  than  or  equal  to  1 x 10  ^ torr.  The  complete 
thermal -vacuum  test  cycle  is  illustrated  in  Figure  1. 

The  acceptance  test  is  completed  with  a final  functional  test  and 
visual  inspection. 

. > 

2.0  HIGH  LEVEL  TWTA  (12Q2HA)  TEST  PLAN 

2.1  SCOPE 

< ’ , 

The  flight  model  1202HA  TWTA,  HAC/EDD  part  number  B200350-. 131/132, 
will  be  tested  in  accordance  with  EDD  Acceptance  Test  Procedure 
ATP  B200350-400,  Revision  L,  dated  March  18,  1971,  to  insure  compll* 
ance  with  TRW  Specification  EC-EQ4-664D,  Part  1,  dated  30  December 
1974. 

2.2  TEST  PLAN 

2.2.1  The  1202HA  TWTA  will  be*  tested  to  meet  the  acceptance  teat  matrix 

from  TRW  specif ication~EC-EQ4-664C,  Part  II,  shown  in  Table  3.  The 
testing  method  and  procedure  will  be  delineated  by  HAC/EDD  test 
specification,  ATP  B200350-400,  Revision  L,  as  further  revised  in 
accordance  with  the  Statement  of  Work. 

2.2.2  Each  TWT  will  receive  2,168  hours  of  burn-in  prior  to  integration 
with  the  power  conditioning  unit.  The  test  is  to  be  conducted  at 
+125°F  + 15°F  and  ambient  pressure. 

2.2.3  Prior  to  burn-in,  each  TWT  will  be  exposed  to  a two  cycle  thermal 
shock  test  and  a vibration  test.  The  temperature  and  vibration 
limits  are  as  described  in  Paragraph  1.1.3  above. 
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+130  F 


AMBIENT 


AMBIENT 


(D  BASELINE  FUNCTIONAL  TEST. 

(21  CHAMBER  PUMPDOWN  TO  1 x 10"5  TORR. 

CD  TEMPERATURE  TRANSITION  (NOT  TO  EXCEED  10°F  PER  MINUTE) 
0 TEMPERATURE  STABILIZATION  AT  +5°F  FOR  30  MINUTES. 

0 FUNCTIONAL  TEST  AT  STABILIZED  TEMPERATURE  AND  PRESSURE 


♦LIMITED  TEST 


FICURE  1.  THERMAL- VACUUM  ACCEPTANCE  TEST  FOR  l.OW  LEVEL  1WTA 
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TABLE  3.  ACCEPTANCE  TI  T MATRIX  HIGH  LEVEL  1WTA 


m 

m 

• 

• 

ts| 

* I * 

ro  1 


a 

w I w 


TEST 


FUNCTIONAL* 


VIBRATION 


FUNCATIONAL** 


THERMAL  VACUUM  I 4. 2. 11 


FUNCTIONAL*** 


X X 


4.2.10  x 


XXX 


X X 


XXX 


X 


X 


X X 


X X X X X X 


XXX 


♦FUNCTIONAL  TESTS  MAY  BE  MADE  IN  ANY  SEQUENCE. 

**TRIS  MAY  BE  DONE  WITH  THE  UNIT  IN  TIIE  VACUUM  CHAMBER 
PRIOR  TO  THE  THERMAL  VACUUM  TEST. 

*** PARAGRAPH  4.2.12(a)  DOES  NOT  APPLY. 
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Following  2,168  hours  of  burn-in  but  prior  to  integration  with 
an  EPC  unit,  each  TWT  will  be  exposed  to  a thermal  vacuum  and 
vibration  test.  The  temperature,  vacuum,  and  vibration  limits 
arc  as  dcscrib|d  below: 


> 

,-•  * »» 


Vibration: 


Thermal  Vacuum: 


9.8  grms,  maximum  random  for  30  seconds 
each  axis. 

+60°F  to  +155°F  for  30  minutes  at  each 


limit.  £l  x 10°  torr. 

2.2.4,  Each  power  conditioning  unit  will  receive  168  hours  burn-in 

prior  to  integration  with  the  TWT.  The  burn-in  will  be  perform- 
ed at  an  elevated  temperature  of  +125°F  + 15°F  and  <1  x 10  ^ 
torr  pressurization. 

2.2.5  Prior  to  integration  with  a TWT,  each  EPC  unit  will  be  tempera- 
ture cycled  as  follows: 

(a)  Ambient  to  +60°F  for  one  hour. 

(b)  One  hour  transition  to  +146°F.  ^ 

(c)  +146° F for  one  hour,. 

(d)  One  hour  transition  to  +60°F. 


This  cycle  will  be  accomplished  eight  times.  The  unit  will  be 
operating  at  all  times  with  output  and  telemetry  voltages  measured 
on  the  first  and  eighth  cycles. 

2.2.6  Each  TWTA  will  be  subjected  to  332  hours  of  bum- in  at  an  elevated 
temperature  of  +125°F  + 15°F  and  atmospheric  pressure. 

2.2.7  Acceptance  testing  of  each  TWTA  begins  with  a functional  test 
followed  by  a random  vibration  test  composed  of  a one  minute 
test  in  each  of  three  orthogonal  axes  to  a maximum  level  of 

o 

.0625  g /Hz,  an  overall  level  of  9.8  g£ms.  The  spectrum  shape 
is  as  shown  in  Table  2. 
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Vibration  testing  is  followed  by  another  functional  test.  Thermal 

vacuum  testing  will  then  be  performed  on  each  TWTA.  The  chamber 

-5 

pressure  will  be  less  than  or  equal  to  1 x 10  torr.  The  complete 
thermal-vacuum  test  cycle  is  illustrated  in  Figure  2. 


The  acceptance  test  is  completed  with  a final  functional  test  and 
visual  inspection. 


'arp.n, 


V'-'M  <‘-'  '■%.-f^:t^i"'<\' ' 

Zi£i»-;:^bk£- 

■*r*  ■;>*•  ••  < 


•V  .iflK*V 


AMBIENT  (1)  (2 


AMBIENT 


(D  BASELINE  FUNCTIONAL  TEST. 

CD  CHAMBER  PUMPDOWN  TO  1 X 10"5  TORR. 

CD  TEMPERATURE  TRANSITION  (NOT  TO  EXCEED  10°F  PER  MINUTE) 
(D  TEMPERATURE  STABILISATION  AT  +5°F  FOR  30  MINUTES. 

(5)  FUNCTIONAL  TEST  AT  STABILIZED  TEMPERATURE  AND  PRESSURE 


♦LIMITED  TEST 


FIGURE  2.  THERMAL  VACUUM  ACCEPTANCE  TEST  FOR  HIGH  LEVEL  TWTA 


APPENDIX  D-3 


IOC  DSCS-G3-Q17,  THERMAL  EVALUATION 
TEST  OF  HLTWTA-TO-DESPUN  PLATFORM 
INTERFACE,  PROJECT  777,  10  AUG  1977,  G.E.  WESSEL 
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oatc:  10  August  1977 


•UEIKCT.  THERMAL  EVALUATION  TESTS  OF  HLTWTA-TO- 
DESPUN  PLATFORM  INTERFACE,  PROJECT  777 


from:  6.  E.  Wessel 

■COO  MAIL  STA. 

M2  1569 


CRT. 

62813 


This  IOC  Is  for  the  purpose  of  transmitting  the  temperature- versus -time 
data  recorded  during  eight  individual  thermal  vacuum  evaluation  tests 
conducted  on  a test  HLTWTA  installed  on  the  qual  despun  platform.  The 
testing  was  performed  in  5'  X 6'  T/V  chambers  in  Buildings  Ml  and  M4 
from  21  July  to  5 August  1977.  For  each  of  the  thermal  evaluation  tests, 
the  HLTWTA  was  mounted  on  the  121311-1  Qualification  Despun  Platform  with 
the  HLTWTA- to-platform  interface  being  varied  for  each  test.  The  various 
HLTWTA- to-platform  interface  configurations  tested  are  described  below. 
Refer  to  Figure  1 for  details. 
s 

Configuration  #1:  RTV8111  between  'TWTA  base  area'  and  platform;  a 

1"  X 1-1/2"  3 mil  gold  plated  screen  at  M2,  M3, 
and  M4;  one  122056-1  5 mil  indium  gasket  over  the 
'aluminum  plug';  6-32  X 1-7/16  screws  through  the 
aluminum  plug  and  Into  the  TWT  base  at  PI,  P2,  P3, 
and  P4;  6-32  fasteners  into  top  of  platform  at  Ml, 
M2,  M3,  and  M4. 

Configuration  12:  Identical  to  configuration  #1  except  the  6-32 
screw  through  the  aluminum  plug  at  location  P2 
was  not  Installed. 

. Configuration  #3;  Identical  to  configuration  #1  except  the  122056-2 
) and  -3  Indium  gaskets  were  installed.  This  con- 

figuration was  per  Dwg.  310511  H3. 

Configuration  #4:  RTV8111  between  'TWTA  base  area'  and  platform; 

RTV8U1  between  'aluminum  plug'  and  tube  base; 

1"  X 1-1/2"  3 mil  gold  plated  screen  at  Ml,  M2, 

M3,  and  M4;  6-32  X 1-7/16  screws  through  the 
aluminum  plug  and  Into  the  TWT  base  at  PI,  P3, 
and  P4;  6-32  fasteners  into  top  of  platform  at 
Ml,  M2,  M3,  and  M4. 

Configuration  #5;  Identical  to  Configuration  #2. 

Configuration  #6:  Identical  to  Configuration  #4  except,  the  thru 
screws  Into  the  tube  at  PI,  P3,  and  P4  were  not 
— used. 


r 
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: 


Identical  to  configuration  #2  except  the  122056-1 
indium  gasket  at  the  aluminum  plug  was  not  used. 

RTV8111  between  'TWTA  base  area'  and  platform; 
two  each  1"  X 1-1/2"  3 mil  gold  plated  screens 
at  M2,  M3,  and  M4;  one  5 mil  indium  gasket  over 
the  entire  surface  of  the  aluminum  plug;  6-32  X 
1-7/16  screws  through  the  aluminum  plug  and  into 
the  TWT  base  at  PI,  P2,  and  P4;  6-32  fasteners 
Into  top  of  platform  at  Ml,  M2,  M3,. and  M4. 

For  each  test,  copper-constantin  thermocouple  temperature  sensors  were 
located  as  shown  in  Figures  2 and  3 as  well  as  in  Photographs  1 through 
4.  As  Indicated,  the  thermocouples  designated  TCI,  TC2,  TC10*,  TC15,  and 
TCI 6 were  installed  on  the  HLTWTA  exterior,  TC3  through  TC9  were  installed 
on  the  despun  platform  (TC3  and  TC8  were  installed  on  the  aluminum  heat 
sink),  and  finally  TC11  through  TC14  plus  the  collector  thermocouple  were 
installed  on  the  interior  of  the  HLTWTA.  The  temperature  readout  from 
each  sensor  was  recorded  on  digital  readout  equipment  during  each  test. 
During  each  test  which  was  conducted  with  a vacuum  of  2X10-5  torr  or  less, 
the  high  level  tube  was  powered  'on'  with  the  tube  R.F.  input  and  R.F. 
output  being  equipped  with  one  watt  and  five  watt  loads  respectively. 

Tables  1 through  8 lists  the  time  versus  temperature  data  from  each  test. 
Figures  4 through  12  gives  a graphical  representation  of  selected  thermo- 
couple output. 
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APPENDIX  D-4 

I0C-DSCS-D4-035,  777  TWT  BASEPLATE  S/C 
INSTALLATION  LOADS  TEST,  J.  JUDKINS,  28  JULY  1977 
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INTRODUCTION 

This  memorandum  provides  documentation  for  a TWT  baseplate  S/C  Installation 
load  test  conducted  through  the  period  of  July  7 to  July  13,  1577,  in  Build 
Ing  M2. 

The  purpose  of  the  test  was  to  determine  the  loads  resulting  in  the  TWT 
baseplate  due  to  S/C  Installation  forces.  The  test  specimen  and  the  S/C 
panel  were  structurally  identical  to  flight  hardware  with  the  exception 
that  the  TWT  collector  was  not  potted. 

ft 

CONCLUSION 

The  TWT  baseplate  sustained  a deformation  of  540  micro-inches  per  Inch  and 
475  micro-inches  per  Inch  along  the  collector  mounting  "shovel"  edges,  par- 
allel to  the  tubes  longitudinal  axes.  This  could  be  attributed  to  yielding 
of  the  collector/baseplate  solder  interface,  or  permanent  deformation  of 
the  plate.  The  highest  level  of  stresses  occur  after  complete  installation 
on  the  S/C  and  did  not  change  appreciably  with  time  (after  retorquing). 

A very  Idealized  and  highly  simplified  model  (calculations  attached)  indi- 
cates that  yielding  of  the  TWT  baseplate  could  occur.  The  calculated  stress 
was  38,880  PSI  which  translates  to  a margin  of  safety  of  - .074  on  yield. 

The  maximum  shear  and  tensile  stresses. in  the  potting  compound  are  .5  and 
35.4  PSI  respectively. 

It  should  be  stressed  that  these  results  are  highly  approximate,  more  exact 
solutions  would  require  a finite  element  approach. 

A complete  synopsis  of  the  strain  gage  and  analytical  results  can  be  found 
In  Tables  #1  and  #2.  Figure  #1  provides  strain  gage  location  Information. 


DISCUSSION 

The  six  strain  gages  were  mounted  to  the  TWT  baseplate  as  shown  In  Figure  #1. 
They  were  monitored  at  various  stages  of  TWT  assembly  levels,  the  results  are 
presented  In  Table  #2.  The  levels  were  recorded  with  the  TWTA  mounted  on  a 
S/C  panel  lumedlately  after  assembly  tf.en  again  after  24  hours,  96  hours,  and 
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120  hours  at  which  time  stabllzatlon  had  occurred.  The  maximum  level  re- 
corded was  at  gage  location  ?6  (approximately  20,000  PSI).  Gages  ?3  and  #6 
both  recorded  a strain  after  disassembly  of  476  and  540  micro-inches  per 
Inch  respectively.  This  corresponded  to  an  .‘pproximate  base  deformation  of 
2 to  3 mills.  When  the  TWTA  is  attached  to  the  S/C  panel,  the  portion  of 
the  TWT  baseplate  that  serves  as  a mounting  area  for  the  collector  is 
deflected  over  an  Indium  "staircase"  (used  for  thermal  reasons).  There 

are  three  fasteners  on  the  bottor  step.'  side.  The  collector  and  baseplate 
form  a beam  which  is  approximately  twice  as  stiff  as  the  plate  at  the 
collector  mounting  edges.  On  the  edge  with  one  fastener  the  deflection, 
due  to  mounting,  is  absorbed  at  the  point  of  maximum  stiffness  cnange.  An 
idealized  model  of  this  event  inaicates  that  minor  yielding  wiii  result  in 
the  plate.  The  resulting  stresses  in  the  potting  compound  are  low. 
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ATTACHMENT  I 
ANALYTICAL  SYNOPSIS 
TABLE  I 


Plate  tensile  stress  portion  under  collector  ®^10  pSi 

Allowable  yield  36,000  psi 

Margin  of  Safety 

Plate  tensile  stress  at  collector  edge  with  one 
S/C  fastener  38,880  psi 

Allowable  yield  36,000  psi 

Margin  of  safety  -.074 


Shear  stress  in  potting  .5  psi 

Tensile  stress  in  potting  .56  psi  to  35.4  psi 


D-54 


st  r m 


Configuration  #1 
Mounted  on  Transit 
Plate  Inside  the 
IWTA  Case  Without 
the  Collector  Cover 


Gage  # 

Strain 

Stress 

1 

207 

2,070 

2 

-30 

-300 

3 

-20 

! 

-200 

4 

465 

4,650 

5 

388 

3,880 

6 

125 

1,250 

Configuration  #2 
Added  Collector 
Cover 

Configuration  #3 
Removed  Transit 
Plate 

Strain 

Stress 

Strain 

Stress 

200 

2,000 

176 

1,760 

-30 

-300 

0 

0 

-20 

-200 

-20 

-200 

465 

4,650 

440 

4,400 

387 

3,370 

396 

3,960 

148 

1,480 

160 

— 

1,600 

Notes: 

(1)  Readings  in  micro-inches  per  inch  & PSI 

(2)  ( ) ( ) readings  indicate  before 

and  after  torquing 


I 


Strain  Gage  Data 


uration  #4 
TWTA  to  S/C 
torn  Without  the 
S/C  Fasteners 


Configuration  #5 

Installed  the  four  S/C  HeatSink  Fasteners 


i Attach  to  the 
!orm  Heatsink 

After  10  Minutes 

After 

f Hours 

After  96  Hours 

n Stress 

Strain 

Stress 

Strain 

Stress 

Strain 

Stress 

1 

-210 

-2,100 

(-138) 

(-185) 

(-1380) 

(-1850) 

-300 

255 

2,550 

(630) 

(690) 

(6300) 

(6390) 

(660) 

(660) 

(6600) 

(6600) 

4 

-150 

530 

5,300 

(265) 

(260) 

(2650) 

(2600) 

(460) 

(460) 

(4600 

(4600) 

• 50 

120 

1,200 

(660) 

(945) 

(6600) 

(9450) 

(990) 

(985) 

(8900) 

(8950) 

500 

430 

4,300 

(780) 

(940) 

(7800) 

(9400) 

..  (895) 

(960) 

(8950) 

(9600) 

100 

fc 

21J5 

21,150 

(1520) 

(1645) 

(15,200) 

(16,450) 

(1790) 

(1850) 

(17,900) 

(18,500) 

After  120  Ho 


Strain 
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APPENDIX  E-l 
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E-l 


o REVIEW  PRIOR  TWTA  STUDIES 

o CONDUCT  AN  IN-DEPTH  FAILURE  MODES  AND  EFFECTS  ANALYSES 
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PLUS  ABOUT  300  HRS  AT  SATELLITE  LEVEL  OF  WHICH  ABOUT  36  ARE  IN  THERMAL  VACUUM 
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TWTA  FAILURE  ANALYSIS 


CONCERN:  Susceptibility  of  120?  HA  Power  Control  Circuits 
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